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TEMPO 

V#F/ONE PLUS 

REMOTE TUNING / ON MICROPHONE 

N E W  LOWER PRICE / NOW 0 ~ ~ ~ ~ 3 9 9 . 0 0  - -  - - 

SIDEBAND OPERATION WITH SSB/ONE ADAPTER / M A R S  
OPERATION CAPABILITY/ 5 KHz NUMERICAL LED 

The Tempo VHFlOne Plus is a VHFIFM transceiver for dependable communication on the 2 meter 
amateur band Full 2 meter coverage, 144 to 148 MHz for both transmit and receive* Full phase lock 
synthesized (PLL) Automatic repeater split-selectable up or down Two built-in programmable 
channels All solid state 800 selectable receive frequencies with simplex and +600 KHz transmit 
freauencies for each receive channel. 

FMH-2, FMH-5 & 
\ FMH-42 (UHF) 

TEMPO TEMPO 
VHF & UHF AMPLIFIERS POCKET 

VHF ( 1  35 to  175 MHz) 
Drove Power Output Model No. Pflce 

RECEIVERS 

UHF (400 to 512 MHz) 
D r ~ v e  Power Output Model No. Price 

2W 70W 70D02 $270 

MS-2, 4 channel scan- 
ning receiver for VHF 
high band, smallest unit 
on the market. MR-2 
same size as MS-2 but 
has manual selection of 
12 channels. VHF high 
band. MR-3, miniature 
2-channel VHF high 
band monitor or paging 

2 w  4 0 w  40D02 5180 receiver. MR-3U, single channel on 
1 OW 40W 4 0 0 1 0  5145 

2W 10W 10D02 5125 
the 400to512 UHF band. All are 

FCC Type accepted models avaalable 
low priced and dependable. 

Sold at Tempo dealers throughout the U.S. and abroad. Please call or write 
for lurther information. P ~ ~ C B I  subject to change without notice 

11240 W Olympnc Blvd . Los Angeles. 
Call1 90064 

931 N Euc la Anahem Cal.1 97801 7141772-9200 
Buller. M8ssourl 64730 8161679-3127 



-yaw should buy a digital 
multimeter from the 

leader in didtal mutimeters. 
If you're shopping for your first multi- 

meter, or moving up to digital from 
analog, there are a few things you 
should know. 

First, look a t  more than price. You'll 
find, for instance, that the new Fluke 
8020A DMM offers features you won't 
find on other DMMs a t  any price. And 
it's anly $169: 

Second, quality pays. Fluke is recog- 
nized as  the leading maker of multi- 
meters (among other things) with a 
30-year heritage of quality, excellence 
and value that pays off for you in the 
8020A. 

Third, don't under-buy. You may think 
that a precision 3Xdigit digital multi- 
meter is too much instrument for you 
right now. But considering our rapidly 
changing technology, you're going to 
need digital yesterday. 

times better than most analog meters. 
Also, the 8020A's digital performance 

means things like 26 ranges and seven 
functions. And the tougher your home 
projects get, the more you need the 
8020A's full-range versatility and ac- 
curacy. The 8020A has it; analog meters 
don't. 

You already know Fluke. And you 
probably own a benchtop-model multi- 
meter. 

Now consider the 8020A. smaller in 
size, but just a s  big in capability. Like 
2000-count resolution and high-low 
power ohms. Autozero and autopolarity. 
And the 8020A has 3-way protection 
against overvoltage, overcurrent and 
transients to 6000V! 

lnce Conve 

10.000 
0.1 I" 100 

Conduc nlndemem 

Beginner or pro, you'll find the meter 
you now have can't measure nanosie- 
mens. So what? With the 8020A con- 
ductance function, you can measure 
the equivalent of 10,000 megohms in 
nanosiemens. Like capacitor, circuit 
board and insulation leakage. And, you 
can check transistor gain with a simple, 
homemade adapter. Only with the8020A, 

$169.' 
Of course. vou can Dav more. Or less. 

In fact, you'~ould pa; almost as  much 
for equally compact but more simplistic 
meters, and get far lessversatility. And, 
the 8020A gives you the'plus'ofcuutom 
CMOS LSI chip design, and a minimum 
number of parts (47 in all). All parts 
and service available a t  more than 100 
Fluke service centers, worldwide. Guar- 
anteed, for a full year. 

Rugged. Reliable. Inexpensive to 
own and to operate; a simple 9V battery 
assures continuous use for up to 200 
hours. 

Call (800) 426-0361 toll free. Give 
us  your chargecard number and we'll 
ship one to you the same day. Or, we'll 
tell you the location of the closest 
Fluke office or distributor for a per- 
sonal hands-on feel for the best DMM 

\Vhy not analog? Because the AO'LOA a 13-oz. heavyweight that goes where value going. 
has 0.259 dc accuracy, and that's fm you go, with confidence. *U.S. price only 

Fluke802QADMM fm 
Home Electnmics Experts: $149 

More Details? CHECK-OFF Page 126 february 1978 1 



This NEW MFJ Versa Tuner II rn rn rn 

has SWR and dual range wattmeter, antenna switch, efficient airwound 
inductor, built in ballin. Up to 300 watts RF output. Matches everything 
from 160  thru 10 Meters: dipoles, inverted vees, random wires, verti- 
cals, mobile whips, beams, balance lines, coax lines. 

/ \ \ \ 
Antenna matching Sets power range, Meter reads SWR Efficient aimound induc- Transmimr matching 
capacitor. 208 pf. 300 and 30 watts. and RF watts in tor gives more watts out capacitor. 208 pi. 
1000 volt spacing. Pull for SWR. 2 ranges. and less losses. 1000 volt spacing. 

Only MFJ gives you this MFJ-941 Versa 
Tuner II with all these features at this price: 

A SWR a d  dual range wamneler (300 and 
30 watts lull scale) lets you measure RF 
power output lor s~mplif~ed tunlng. 

An antenna switch lets you select 2 coax 
led antennas, random wire or balance line, 
and tuner bypass. 

A new efficient airwound inductor (12 po- 
sitions) gives you less losses than a tapped 
torold lor more watts out. 

A 1:) balun lor balance lines. 1000 volt 
capacitor spaclng. Mounting brackets lor mo 
bile ~nstallat~ons (not shown). 

With thc NEW MFJ Vena Tuner I you can 
run your lull transceiver power output - up to 
300 wans RF Dower output - and match vour 

MFJ-901 VERSA N N E R  
k w  ah II* c*l h m &I oul. 

Only MFJ uses an elltc,snl alr wwnd mducto! I12 pm@hrnsl 
m tho5 class ol lunerr to give you rnma *all5 oul and less 
losses lhan a la@ lmDd Malchar avsrythlrq Iran 160 
lhru 10 MeleIL dtphs, tnvstled m s .  randm wlrcs, vsrlc 
~11s. rnWlle whlps. Warns. balance lhmr, coax llnss Up lo 
200 walls RF wlpul I 4 balun la balance llncs Tune oul 
 he SWR ol ywr mmk whp tnm W. p f  ur. Wwks 
with all r!gs Ultra cmwl 5 x 2 ~ 6  lncher SO 239 connec 

ANTENN~ SWITCH *IS you s h c t  2 
coax Id antennas, random wire or 
balance line, and tuner bypass. 

transmitter lo any leedline lrom 160 thru 10 
Meters whether you have coax cable, balance 
I~ne, or random ware. 

Vou can turn out the SWR on your dipole. 
inverted vee, random wire, vertical, mob~le 
whip, beam, quad, or whatever you have. 

YOU can even operate all bands with lust 

l'&nol 2 g g 5  gn*No 

MFJ-900 ECONO TUNER 
S a m  11 YFJ 901 V r n r  Tuw. *1 ( r r  mt I r v e  hYIh 

one existing antenna. No need to put up sepa- 
rate antennas lor each band. 

Increase the usabk bandwidth 01 your mo- 
bile wh~p by tunlng out the SWR ham inside 
your car. Works great w ~ t h  all solid state rlgs 
(I~ke the Atlas) and with all tube type rlgs. 

H travels well. tw. Its ultra compact size 
5 x 2 ~ 6  Inches 111s easily in a small corner 01 
your suitcase. 

This beautiful lHik tumr is housed in a 
deluxe eggshell wh~te Ten-Tec enclosure with 
walnut gram s~des. 

SO-239 coax crnrnctoo are provided for 
transmitter Input and coax led antennas. 
Oual~ty 11ve way binding posts are used lor 
the balance line inputs ( Z ) ,  random wire Input 
(1). and ground (1). 

MIUI b Mlanrr Ynn. Tuner mlr h a  and n n d m  Ymr. I 

MFJ-16010 RANDOM WIRE TUNER 
Oprate 160 thr. 10 Metn. Up W 200 wm RF WIPI. 
Yitrks hqh and br rnpdanmr. 12 p s l ~  Wuclr .  
SO 239 conmnm. 2x314 tmher. M#ther 15 l o  200 mhmr 

MFJ-202 RF NOISE BRIDGE 
This YFJ RF Wse kt1 w *).st P w  u*..1 
quKW hr mnhlum )nhnnaon Yasvm nlum k, 

quewy. Rl l t lbn rrlhlanc~ and mlc(mrr hnvrfrl m w  
ex l rnda  and ynd9 c a w l m e  nw ( +  150 PO )Ire1 
YOU much erlended mrarvnmg raw. 
le11% rcmnanl l h r i i t ~ ~ ~ i ~  anfl vhvltw lo shorlan M Impthen 
your antenna 101 nlts8nlsm SWR Adlurl ywr rlnglc m m3ll  
band dlpolr mverlpO vee beam v e r l a l .  mWlh whlp a 
randm ryrlm lo! maitmum pedmmance 1 lo 100 MHz 
SO 739 connecrmr 2 x 3 1 4  ~nchcs 9 rol l  banery 

For technical I n f o r m a t i o n .  order and repair status. and in Mississippi. please call 601-323-5869. 
Order any product from MFJ and try it. R not delighted, return within 30 days for a prompt refund (less shipping). 

Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shippinglhandling. 
Order By Mail or Call TOLL FREE 800-647-8660 and Charge It On - 

P. 0. BOX 494 
Ll ml 

M F J  ENTERPRISES MISSISSIPPI STATE, MISSISSIPPI 39762 
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look 

As  th is issue goes t o  press, it appears that the launch of the next amateur communications satellite, AMSAT- 
OSCAR D, is imminent (after it is in orbit this satellite will be known as OSCAR 8). Like its famous predecessors, 
OSCARs 5, 6, and 7, this new "bird" has two transponders: a two-to-ten meter unit similar to that used in OSCAR 
7 called Mode A, and a two-meter, 70-centimeter transponder designated Mode J. The Mode J transponder 
was built by members of the Japan AMSAT Association in Tokyo; a similar combination of inputloutput 
frequencies was used in the short-lived OSCAR IV spacecraft back in 1966. 

The new OSCAR will be launched from NASA's Western Test Range in California as a "piggyback" payload 
aboard the second stage of the two-stage Thor-Delta launch vehicle which will carry NASA's Landsat-C earth 
resources technology satellite into orbit. Because of scheduling at the Western Test Range, and the complex 
pre-launch checkout of Landsat-C, it's impossible to pinpoint the exact launch date, but late reports from 
AMSAT indicate it will be sometime in early March. 

The new spacecraft is a 38 cm rectangular solid 33 cm high, weighs 27 kg, and is solar powered. The solar 
cells, combined with the 12-cell rechargeable nickel-cadmium battery, should be adequate to power the satellite 
in Mode A for several years. The receiving antenna for both modes is a turnstile comprised of four 48 cm lengths 
of 12 mm carpenter's rule. Four permanent magnets located inside the spacecraft provide stabilization; this is 
the same technique used in OSCARs 6 and 7. The polarity of the magnets is such that the top of the satellite 
always points toward the earth's magnetic north pole. Permalloy damping rods mounted behind the solar panels 
are designed to reduce the spin of the spacecraft; their operation is similar to a shorted transformer turn as it 
cuts the lines of flux of the earth's magnetic field. OSCAR 7 used the same system with good success. 

The spacecraft will be automatically powered up upon ejection from the Thor-Delta launch vehicle over 
northern Greenland. It is designed to come on in Mode J; the Mode A transponder will not be turned on until 
the satellite is almost completely stabilized in orbit, which may take as long as a week. This is because the 
10-meter dipole antenna cannot be deployed until the spacecraft's spin rate is less than 1 revolution per minute; 
otherwise the antenna may be severely damaged. The deployment process takes about 15 seconds and cannot 
be reversed - the elements can't be retracted once they are extended - so correct deployment is crucial. 

OSCAR 8's orbit is planned to be sun-synchronous, with passes repeating at approximately the same time 
each day on a one-day cycle (as opposed to the two-day cycle of OSCARs 6 and 7). Since the altitude of OSCAR 
8's orbit, at 900 km, is just over half the altitude of OSCARs 6and 7, the maximum communications range will be 
slightly shorter. The usable time on an overhead pass will be about 18 minutes instead of the 22 minutes 
provided by OSCAR 7, and the horizon range will be 3220 km (down slightly from the 3940 km horizon range of 
OSCAR 7) .  In practical terms this means that transatlantic communications will still be possible with OSCAR 8, 
but not as often as with OSCAR 7. 

One of the big advantages of the 900 km sun-synchronous orbit is that keeping track of OSCAR 8 is going to 
be much simpler than i t  was for earlier amateur satellites; i t  will come into range at nearly the same time every 
day - the overhead descending node pass is planned for 9:30 AM local time. The satellite's anticipated useful 
operating lifetime is three years. 

Since the prime mission of the OSCAR 8 spacecraft is to use the Mode A transponder for the ARRL OSCAR 
educational program in schools, the spacecraft may be left in Mode A during weekdays and put into Mode J on 
weekends. Because of the relatively high current drain of the Mode J transponder, however, the power budget 
may not support the Mode J transponder for continuous full-time operation over an entire weekend. The 
spacecraft may also be switched to Mode J during the evening hours in the Western Hemisphere, depending on 
the burden to the command stations and the condition of the on-board batteries. 

The Mode A transponder on the new spacecraft has the same frequency passband as OSCAR 7 (input 
between 145.85 and 145.95 MHz, output between 29.40 and 29.50 MHz). Approximately -95 dBm is required 
at the transponder input terminals for an output of one watt; this corresponds to an effective radiated power 
from the ground of about 80 watts. The 250 mW telemetry beacon operates at 29.402 MHz. 

The Mode J transponder operates with an input frequency passband between 145.90 and 146.00 MHz - the 
output is between 435.10 and 435.20 MHz. Power output is 1 to 2 watts PEP, and the output is inverted (upper- 
sideband uplink signals become lower-sideband downlink signals). Uplink sensitivity for 1 watt output is - 105 
dBm which corresponds to an effective radiated power from the ground of about 8 watts (note the greatly 
improved sensitivity of this mode, and keep your power down). A 100 m W  beacon at 435.095 will carry 
telemetry information. 

J i m  Fisk, WlHR 
editor-in-chief 
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ANOTHER WARC ADVISORY Committee Meeting on Amateur Radio is beginning to look likely 
for February, and if so it'll be an important one. The Sixth (or possibly Seventh) 
Notice of Inquiry on the 1979 World Administrative Radio Conference is scheduled for 
release in January, and it's expected that a further revised frequency table will be in- 
cluded. Since our previous efforts at generating strong U.S. support for both expansion 
of present HF bands and the creation of new ones in the LF and HF spectrums were only 
marginally successful (Pressto July, 1977) - and that success, expansion of 40, 20, 
and 15 meters, seems t h d r b y  the Department of Defense's expressed frequency needs - a new and determined offensive is badly needed. 

Some Strong Ammunition in support of our position has been developed overseas and 
should help greatly. The continued increase in the U.S. Amateur population, along with 
the current slackening of CB enthusiasm, should also help out. 

K5NY RECEIVED AN 18-MONTH JAIL sentence and was fined $500 by U.S. District Court 
~ u d g e o v e m b e r  as a result of his pleading guilty to three 
counts of transmitting obscene language and interfering with a New Orleans repeater this 
past summer. K5NY must serve 90 days of his sentence after which the remainder will he 
suspended; his co-defendent - WB5AWN - received a suspended sentence but must pay costs 
for the public defender. K5NY received a severe reprimand from the Judge, himself a CBer. 

POINT-OF-SALE CONTROL for linear amplifiers has been instituted by Canada's Department 
of Communications. In a Canada Gazette announcement, the DOC stated that all linear buy- 
ers must sign a special f-cluding their names, and addresses at the time of purchase. 
The form is then forwarded to the DOC and the buyer's name compared with lists of General 
Radio Service (CB) licensees to determine whether the purchaser is in violation of DOC 
rules barring linear possession by an operator in the General Radio Service. 

No-Code Canadian Amateur License is expected by next fall as a result of the Novem- 
ber 26 Department of Communications/Canadian Amateur Radio Federation National Amateur 
Radio Symposium in Ottawa. More than 100 Amateurs from across Canada, representing 27 
Canadian Amateur organizations, attended the jointly sponsored session, during which 
the suggestion for a Canadian Novice-class license was firmly turned down while a no- 
code "experimenter's" license for 200 MHz and up was strongly supported. Expectations 
are that the new license will have a tough technical exam; other details are still to 
be worked out. 

A New Permanent Canadian Prefix may be forthcoming as Ontario Amateurs have just 
about used all the VE3x3 callsi~ns. The DOC, with the assistance of the Radio Society 
of Ontario, will be looking into alternatives. 

1978 Could See VC7 in use by Vancouver Island Amateurs. The Victoria Short Wave 
Club has asked the DOC to authorize the s~ecial d refix to mark the bicentennial of 
Captain Cook's exploration of Vancouver 1sland. 

- 
A Canadian Assault on 420-430 MHz is in the wind. A recent Department of Communica- 

tions study of 406-960 MHz is expected to propose 420-430 MHz for mobile services, with 
430-450 MHz shared between radiolocation and Amateurs as at present. On the positive 
side, the same study also will propose a new 902-928 MHz Amateur band to be shared with 
fixed services and radiolocation. 

OSCAR 7's THIRD BIRTHDAY was Tuesday, November 15, when the satellite reached its 
three year design lifetime. If OSCAR 6's performance can be extrapolated, however, ex- 
pect OSCAR 7 to be serving us for a long time to come. Mode jumping problems are con- 
tinuing, with the combination of low battery voltage (from seasonal sun angle on the 
solar panels) and excessive user signals (especially from Europe) the probable culprits. 

Oscar 7's Mode Jumpin problem isn't entirely from user abuse, W9VI (ex-W90II) found 
when he observed a jump :n an early morning pass with no user signals audible. A high 
noise output, often observed before jumps, has been linked with the problem. One theory 
is that it's an internal malfunction, while another says it's related to an ionization 
buildup as it does seem seasonal. 

FCC EXTENDED its working day to 5:30 PM effective January 3. The new hours (for 
Washington, D.C. offices only) are from 8:00 AM to 5:30 PM, with employee schedules re- 
arranged to insure adequate staffing of Commission offices throughout the day. 

REPEATER LICENSE APPLICATIONS are still arriving at the FCC despite the "deregulation" 
Report and Order and its subsequent stay. Until a final decision on repeater licensing 
is made, however, repeater applications are being returned without action. 

License Fees are starting to turn up again in some Amateur applications, even though 
fees were suspended almost a year ago. The Personal Radio Division reports about 20% 
of applications received now include fees, with most of them from CBers. 

MICROWAVE EXPERIMENTERS should contact ZSlHS of the SARL, who is compiling information 
on Amateur microwave work for use in preparations for the World Administrative Radio Con- 
ference in 1979. 
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look closely at the new MTe3000~. 
You've never seen anything like it. 

first tuner. With rapid growth in condominiums and h o w  
ing developments, we have new problems that require new 
solutions. 

DenTron decided to rethink the tuner and what i t s  to- 
tal capabilities should be. 

The MT-3000A i s  a capsulized solution to many prob- 
lems. I t  incorporates 4 unique features to give you the 
most versatile antenna tuner ever built. 

First, as a rugged antenna tuner the MT-3000A easily 
handles a full 3KW pep. I t  i s  continuous tuning 1.8-30mc. 
It matches everything between 160 and 10 meters. 

Second, the MT-3000A has built-in dual watt meters. 

Third, it has a built-in 50ohm dummy load for proper 
exciter adjustment. 

Fourth, the antenna selector switch; (a) enables you 
to by-pass the tuner direct; (b) select the dummy load or 5 
other arlLallrid systems, including random wire or balanced 

The compact size alone of the MT-3000A (5%" a 14" 
x 14") makes-it revolutionary. Combine that with i ts  four 
built-in accessories and we're sure you'll agree that the MT- 
3000A is  one of the most innovative and exciting instru- 
ments offered for amateur use. 

At $349.50 the MT-3000A i s  not inexpensive. But 
it is less than you'd expect to pay for each of these accesso- 
ries separately. 

As unique as this tuner is, there are many things it 
shares with all DenTron products. It is built with the same 
meticulous attention to detail and American craftsmanship 
that is synonymous with DenTron. 

After seeing the outstanding MT-3000A, wouldn't you 
rather have your problems solved by DenTron? 

2100 E n ) a p i r e  m4Y 
lwnsturo Oho 44087 

feed. Radio Co.. Inc. 016)425-)rrJ 
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understanding 
and using 
electronic counters 

Only  a few short  years ago, i t  was extremely 
rare to see an electronic counter outside of a 
laboratory or a specialized service installation. To- 
day counters can be found in ham shacks all over 
the world. Of course the reason for this prolifera- 
tion is obvious - the integrated circuit, and in par- 
ticular, medium- and large-scale integration. In the 
early sixties, a typical 10-MHz counter weighed 
nearly 120 pounds (55kg), occupied about 5.75 
cubic feet (165,000 cubic centimeters), and 
dissipated approximately 600 watts as heat. By way 
of contrast, a 520-MHz counter currently produced 
by the same manufacturer weighs 4.75 pounds 
(2.16kg1, has a volume of approximately 213 cubic 
inches (3890 cubic centimeters), and dissipates less 
than 20 watts. 

As size has decreased, so has cost. That ante- 
diluvian counter cost $2600 in "1966 dollars;" to- 
day you can buy a counter for under $100 if you 
want a bare-bones instrument, and can get a 250- 
MHz multifunction counter for less than $400. 
Because of today's relatively low costs, counters 
have become a versatile tool in the ham station 
and on the work bench. If you have one, this arti- 
cle may help you make better use of it. If you are 
planning to buy one, it may help you to decide 
what to look for. 

You may have noticed that the title of the article 
uses the term electronic, rather than frequency, 
counter. This was not a pedantic choice; electronic 
describes the type of counter and is inclusive of all 
functions that the counter may perform, only one 
of which may be the measurement of frequency. 
We shall discuss these various functions, although 
emphasis wi l l  be placed on frequency meas- 
urement, which is of primary interest t o  the 
average ham. 

Before discussing the applications and limitations 
of the frequency counter, i t  is important to cover 
the method by which frequency is measured by the 
counter. Regardless of the type and complexity of 
the instrument, all counters measure frequency by 
comparing the frequency of the input signal with a 
known frequency or time period. Fig. 1 shows the 
basic functional blocks of a typical counter. The 
main function of the signal conditioner is to con- 

I vert the input signal to one whose amplitude and 
waveshape are compatible with the internal cir- 
cuitry or logic of the counter. It generally includes 
an amplifier to increase the amplitude of the in- 
coming signal, and may also contain an attenuator 

1 for input signals of high amplitude, trigger level 
and slope selection circuits, and so on. No matter 
how the signal is processed, the output of the 
signal conditioner is a pulse train in which each 
pulse corresponds to one cycle or event of the in- 
put signal. 

The conditioned signal is applied to a gating cir- 
cuit, which is shown symbolically as a single logic 
gate, but which is actually a more complex circuit. 
The gate is opened for a predetermined, accurate 
time interval, during which the signal passes 
through to the decade counters. These counters 
count the number of pulses which are gated 
through, and transfer the count to the display. The 
number of decade counters determines the number 
of digits which are displayed, one counter being re- 
quired for each digit. The display can utilize any 
type of visual readout device, such as gas-dis- 
charge numeric tubes, light-emitting diode arrays, 
or liquid-crystal displays. 

Since the decade counters count the number of 
pulses which pass thorugh the gate, it follows that 
the accuracy of the instrument is a function of the 
time that the gate is open. This interval is, in turn, 
a function of the time-base accuracy. The time- 
base oscillator in the modern counter is invariably a 
crystal-controlled oscillator operating at a fre; 
quency between 1 and 10 MHz, although there 
have been counters made in the past which used 
crystal frequencies as low as 100 kHz, or even used 
the ac line frequency as a time base. Even though 
the oscillator frequency must be divided, crystals in 
the 1- to 10-MHz range are used because they are 
inherently more stable than those which work at 
lower frequencies; the optimum range for stability 
is between 4 and 10 MHz for  most types of 
crystals. 

The divided time-base frequency drives the gate- 

By Robert S. Stein, WGNBI, 1849 Middleton 
Avenue, Los Altos, California 94022. 
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INPUT 
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fig. 1. Functional block diagram of the basic frequency 
counter. 

control circuit, which controls the gate-time inter- 
val in accordance with the divided time-base fre- 
quency. To explain the need for dividing the time- 
bdse frequency, we must at this time discuss 
resolution, or the smallest frequency increment 
which the counter displays. 

Let us assume that the frequency of the time- 
base oscillator is 10 MHz, and that the gate control 
holds the gate open for exactly 10 clock pulses 
(clock being the term used to designate the time- 
base signal or the signal derived, through the 
dividers, from the time base). Since each cycle 
from the 10-MHz oscillator has a period of 0.1 
microsecond, the gate will be open for 1 micro- 
second. I f  a 1-MHz input signal were being 
measured, only one pulse would be gated through, 
and the counter would display a 1. Frequencies 
below 1 MHz might or might not produce a reading 
at all, and those above 1 MHz could be read only 
to within one digit of the nearest megahertz (more 
about this later). Thus, the resolution would be 
1 MHz at best, an obviously unsatisfactory ar- 
rangement. 

Suppose, instead, that the time-base frequency 
were divided down to 10 Hz, or a period of 0.1 
second. The gate will now be open for 1 second, 
and 1 million pulses from a 1-MHz input will be 
counted. Now the counter will display 1000000, 
which provides us with a resolution of 1 Hz. Thus, 
the resolution is the reciprocal of the gate time, 
and in fact, some counters with selectable gate 
times have the switch positions designated by the 
gate time. 

The limiting factors governing resolution are the 
number of digits in the display and the tolerable 
gate time. Usually 0.1 Hz is the smallest resolution 
practical, in that it involves a 10-second gate time 
and a 9-digit display up to 99.9999999 MHz. The 
gate time can be reduced in a computing counter, 
but that is outside the scope of this discussion. 

Of course, it is not always necessary to read fre- 
quency to a tenth of a hertz, nor is it particularly 
convenient to have to wait for a 10-second count. 
By selecting the appropriate output f rom the 
frequency-divider chain, you can reduce the gate 

time and resolution to  values which may be more 
appropriate to the measurement. The normal range 
of gate times is typically between 1 millisecond and 
10 seconds, corresponding to resolutions of 1 kHz 
to0.1 Hz. 

The number of digits in the display can be re- 
duced by switching both the displays and gate 
times, a technique which is used in many low- 
priced counters having a 5-digit display. A 2-posi- 
tion switch is used to select gate times of 1 second 
(1-Hz resolution1 and 1 millisecond (1-kHz resolu- 
tion). When the gate time is 1 second, the five 
decade counters can produce a display up to 
99,999 Hz; when the gate time is 1 millisecond, up 
to 99,999 kHz or the frequency limit of the counter 
can be displayed. Thus by switching the clock, the 
equivalent of eight digits is obtained, with overlap 
between the two readings. This is an economical, 
but oftentimes inconvenient, way of obtaining im- 
proved resolution. 

I t  should be reiterated at this point that a 
counter displays a pulse count. Whether the 
display reads out in Hz, kHz, or MHz is simply one 
of convenience and the location of the display 
decimal point. The decimal point is either fixed, or 
is switch selected with the gate time, and its posi- 
tion is independent of the actual count. 

time-base accuracy 
It should be apparent from the preceding discus- 

sion that the time-base oscillator is the most critical 
part of the counter, in that it determines the overall 
accuracy of the instrument. Let us examine its 
effect, in terms of the specifications usually given 
for a counter. 

The Yeesu YC-600 Frequency Counter has e frequency range 
of 10 Hz to over 500 MHz. Its six-digit display provides the 
equivalent of eight digits when the gate time is switched. 
A room-temperature crystal, TCXO, or ovenized crystal 
time base may be ordered (photo courtesy Yaesu Electronic 
Corporation). 
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First of all, the accuracy of the time base, either 
in per cent or parts per total, is directly translatable 
to the measurement of frequency, period, interval, 
or any other function which the counter may be 
capable of measuring and which utilizes the time 
base. This holds true, regardless of the magnitude 
of measurement. For example, if a 1-MHz time- 
base oscillator is off  frequency by 2 Hz, that 
represents an error of 0.0002 percent. The gate 
interval, therefore, will also be in error by the same 
percentage, and the displayed count will have the 
same error. If the frequency being displayed is 
50.000000 MHz, the error will be 100 Hz. If the 
time-base frequency is high, the displayed count 
will be low, since the higher the frequency, the 
shorter the gate time. If the time-base frequency is 
low, the opposite will hold true. 

Time-base accuracy specifications should include 
the parameters listed in table 1, although most 

I 
lower-priced instruments may omit one or more. 

I Typical values for the various types of oscillators 
are included as examples. It can be seen that 
temperature change has the greatest effect on fre- 
quency. In the examples listed, the specification for 
temperature stability can be improved by one order 
of magnitude by  using a TCXO (ternperature- 
compensated crystal oscillator) instead of a room- 
temperature crystal. In the real world, however, a 
good room-temperature crystal may be better than 
a poor TCXO; you must compare the specifications. 

The oscillator aging rate is not as important, 
since this will manifest itself as a gradual change 
in frequency, and is predicated on the oscillator 
running continuously. If the counter is designed so 
that the oscillator circuit is powered as long as the 
instrument is connected t o  the primary power 
source, the specified aging rate is valid. If the 

table 1. typical specifications for timebase oscillators. 
room 

temperature oven 
crystal TXCO' oscillator 

Aging rate(longterm 5x 10-7Imo 3x 10--7lmo 5x 10 -lot 
stability 

Temperature. 0-50°C 5x  10-6 5x 1 0 7  7x  10-9 
Linevoltage,+lO% 1 x 1 0 7  5x10-8 5x10-9  
Short-term stability 1 x l O - 1 0  

per day 

'Temperature-compensated crystal oscillator 
t ~ f t e r  24-hour warm-up 
trmslsec 

oscillator is deenergized along with the rest of the 
counter when the instrument is turned off, 
however, the aging specification means little or 
nothing. 

fig. 2. Gate time and signal pulse train, showing + 1 count 
ambiguity. 

Short-term stability is generally specified only for 
very stable, ovenized oscillators and is pertinent 
only to laboratory-type measurements. 

Time-base errors can be corrected by recalibra- 
ting the oscillator against a known standard or 
against WWV. Virtually all counters incorporate an 
adjustment control for this purpose. The tech- 
niques used in recalibrating the oscillator will be 
covered later in this article. 

frequency-measurement accuracy 
Although the preceding discussion of time-base 

fig. 3. Functional block diagram of an electronic counter 
configured for period measurement. 

accuracy would appear to account for any inaccu- 
racies in the measurement of frequency, such is 
not the case. The specification for the frequency- 
measurement accuracy of all electronic counters is 
invariably stated as + time-base accuracy + 1 digit. 
The last term of that statement is known as the 1- 

The Fluke 1910-A Multi-Counter is one of a series which count ambiguity - but what does this mean? 
provides frequency. period, period-average, ratio, and Fig. 2 shows the signal under measurement and 
totalize functions. The 1910A is rated to 125 MHz; the 1911A 
and 1912A are similar in appearance and will measure fre- its relationship to  the gate. Although the suc- 

auencies to 250 and 520 MHz. res~ectivelv (photo courtesv cessive gate times, I ,  and t2 ,  are equal in duration, 
. . 

John Fluke Menufecturing Company). the gate is not  synchronized wi th the signal. 
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Therefore it is possible, during gate time I,, for five 
signal pulses (numbered 2 through 61 to be gated, 
while during time t2,  six signal pulses (numbered 1 ' 
through 6') may be gated. Thus there is always an 
irreducible f 1-count ambiguity in the least signifi- 
cant digit of the display. 

The per cent of error due to  the 1-count am- 
biguity is reduced as the measured frequency in- 
creases, since it becomes increasingly less signifi- 

fig. 4. Functional block diagram of a period-averaging 
counter. 

cant compared to the total count. The maximum 
error is an inverse function of the frequency being 
measured and the number of pulses being counted, 
i.e. the gate time, and is expressed as 

where / is the frequency in Hz, and t is the gate 
time in seconds. 

From the above equation, it can be seen that 
measuring a 10-MHz signal with a 1-second gate 
time will be subject to a +0.001 per cent error. 
However, measuring a 20-Hz signal with the same 
gate time may result in a counter display between 
19 and 21 Hz, a + 5 per cent error. This would not 
be very satisfactory if you were attempting to  
calibrate the low-frequency end of an audio 
oscillator, and must be taken into account. 

period and period-averaging 
measurements 

One of the ways in which accurate low- 
frequency measurements may be  made is t o  
measure the period of the signal, rather than the 
frequency. Since the period of a signal is the 
reciprocal of its frequency, the frequency can be 
calculated accordingly. I t  might also be expected 
that a simple reciprocal arrangement of the func- 
tional blocks of an electronic counter would pro- 
vide a measurement of period, which turns out to 
be true. 

In fig. 3, the time-base and signal inputs have 
been interchanged. I f  the gate-control circuit is 
configured so that the gate is open for one period 

of the input signal, and the 1-MHz clock is applied 
to the gate input, a series of pulses having a period 
of 1 microsecond will be gated through to  the 
decade counters. Therefore the counter will in- 
d i ca te  t h e  pe r iod  o f  t he  i n p u t  s igna l  i n  
microseconds. If the clock frequency were reduced 
to 1 kHz, the counter would display the signal 
period in milliseconds. 

Let us now reconsider the frequency measurement 
of the aforementioned 20-Hz signal to see how we 
can improve the possible + 5 per cent error which 
can occur with a 1-second gate time. The 20-Hz 
signal period is 0.05 second, so that if the counter 
were configured to measure period, it would display 
50,000 microseconds. Thus, the number of signifi- 
cant digits in the display has been increased from 
two to five, and the gate time reduced from 1.0 to 
0.05 second. Now if you were calibrating the audio 
oscillator and wanted a 1 per cent dial accuracy, you 
could accept any reading between 49,500 and 50,500 
microseconds, subject to the correction for period- 
measurement accuracy. 

Period measurements are inherently less accurate 
than frequency measurements because it is the 
signal, rather than the time base, which controls the 
gate time. Noise on the input signal, regardless of the 
measurement mode, causes an uncertainty in the 
point at which the trigger circuit in the signal condi- 
tioner switches. (It is the trigger circuit which con- 
verts the input signal to  a waveform which is com- 
patible with the counter's circuitw.1 If the noise is not 
great enough to cause false triggering which would 
result in more or less output pulses than correspond 
to the input, no significant error is introduced in a fre- 
quency measurement. 

For period measurements, however, this uncer- 
tainty results in an error in the gate time, since the in- 

Ballantine'a model 5ROA Frequency Counter covers the 
range from 10 Hz to more than 80 MHz and provides fre- 
quency and ratio measurements. This counter also includes 
an audio multiplier circuit for input frequencies from 50 Hz 
to 1 kHz which provides resolution of 0.01 Hz with only 1- 
second measurement time (photo courtesy Be//antine 
Leboretoriesl. 
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Heath's model IM-4130 is capable of measuring period, 
period average, events (totalizing). and frequency over a 
5-Hz to 1-GHz range. Since it has provisions for connecting 
an external time base. ratio measurements can also be 
made, as explained in the text (photo courtesy Heath Corn- 
penyl. 

put signal controls the gate time. This error is known 
as trigger error, and is part of the instrument 
specification for period measurement, usually ex- 
pressed as + time-base error + trigger error + 1 
count. Notice that the trigger error has been added 
to the previously discussed expression for frequency- 
measurement error. For low-frequency noise on a 
sine-wave input, the approximate worst-case errors 
are f 3 per cent for a 20-dB signal-to-noise ratio, 

ERROR IN MEASUREMENT 

PERCENTAGE FRACTm 

1 1 1  

+ 0.3 per cent for a 40 dB signal-to-noise ratio, and 
+ 0.03 per cent for a 60-dB signal-to-noise ratio. 

In addition to the trigger error caused by noise, the 
stability of the input signal may be such that succes- 
sive gate times are of differing durations. Even 
though the differences may be minute, they will 
manifest themselves as a continuously changing dis- 
play on the counter, especially at high resolutions. 
This is not to be considered a counter error, since it 
does not occur with a stable input signal. 

Period errors may be minimized by averaging the 
readings over several periods of the input signal. If 
the input-signal frequency is divided to a lower fre- 
quency, the gate will remain open for a multiple of 
the input-signal period, so that the counter will 
display the number of clock pulses for 10, 100, 1000, 
or more periods. A typical counter configuration for 
the period-averaging mode appears in fig. 4. The 
frequency-divider chain is split so that both the time- 
base oscillator and/or signal frequencies are divided 
to obtain the desired resolution and number of 
periods which are to be averaged. The counter will 
display the period measurement, regardless of the 
number of periods averaged, simply by having the 

ISSUYEO TIYE BASE 

- - - - - - - 

I 10 100 I I  m mw I Y  ION IOOU IG 

MEASURED FREOUENCY /Hz/ 
FREOMNCY MEASUREMENT PERIOD AVERAGE MEASUREMENT 

t I COWT * 1 CWNT 
L nur easr Kcusacr L TIME BASE ACCURACY 
Ki 3 PARTS IN IO'ASSUNEOI t lRlGGER ERROR -0 .3% PER PERIOD 

fig. 5. Measurement accuracy of a counter having a 10-MHz time base with an assumed accuracy of better than 3 x 1 0 7 .  
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display decimal point moved as the periods-averaged 
switch is changed. 

Period averaging reduces the possible trigger error 
by a factor equal to N ,  the number of periods aver- 
aged, so that the error for this mode is f time-base 
error + (trigger error)l,Vf 1 count. If enough periods 
are averaged, the trigger error can be reduced to a 
value which may be of little significance. It must be 
remembered, however, that the gate time increases 
by the same factor, which may make the measure- 
ment time quite long. For example, a 20-Hz signal 
has a period of 0.05 second; averaging 100 cycles 
results in a gate time of 5 seconds; averaging 1000 
cycles entails a 50-second gate time, which is nor- 
mally too long for convenient measurements. 

From the preceding discussion, we can deduce 
that there is a point below which period or period- 
averaging measurements provide a more accurate 
reading than a correspondng frequency measure- 
ment. This can be calculated, taking into account the 
1-count ambiguity, time-base error, trigger error, and 
gate time. More conveniently, it can be plotted, as 
shown in fig. 5. These curves apply to a counter hav- 
ing a 10-MHz time base of the accuracy specified, 
and indicate which measurement mode should be 
used for the desired measurement accuracy. 

INPUT 
0 

GATE- CONTROL 
SWITCH I 

fig. 6. Functional block diagram of a totalizing counter. The 
gate-control switch can be either a manual switch or an in- 
ternal switching circuit. 

In many instances, measuring the ratio of two fre- 
quencies is a time-saving procedure. A typical case 
might involve designing or troubleshooting a phase- 
locked loop, where the output frequency is a discrete 
multiple of a reference oscillator. Since the output 
frequency may be divided by a factor of up to several 
thousand within the loop, an error or glitch causing a 
one-count error in this division may not be readily 
apparent unless a ratio measurement is made. 

In conjunction with fig. 1, we discussed the 
method by which frequency is measured. Another 
way of defining this measurement is to state that the 
counter displays the ratio of the input frequency to 
the clock frequency. By using an internal clock 
whose frequency is known, the ratio can be dis- 
played in megahertz, kilohertz, or hertz. If an external 
signal were used in place of the time-base oscillator, 

1 -- I TO 3 1 7, VOC 

WLTAGE 

fig. 7 .  Using a totalizing counter to measure contact 
bounce. When relay voltage is applied, the counter will dis- 
play the number of contact bounces. 

the counter would still display the ratio of the two 
frequencies, except that it would no longer be in 
hertz or a multiple thereof (unless the external fre- 
quency were the same as the time-base frequency). 
Counters which provide specifically for ratio 
measurements incorporate provisions for changing 
the display to a dimensionless number, and position 
the decimal point accordingly. 

Many counters do not have an apparent capability 
of measuring ratio, but can actually be used in this 
mode. If the counter has provisions for using an ex- 
ternal time-base oscillator, the reference signal 
against which ratio is to be measured can be intro- 
duced into the external time-base connector. It is 
necessary that the amplitude of this external refer- 
ence signal be as specified for the counter being 
used, that its frequency be within the range that the 
counter will accept as an external time base, and that 
the internal time-base oscillator frequency be known. 

The ratio of the input signal frequency to the exter- 
nal reference frequency is determined from the 
expression 

where 
f5,, is the input frequency 
frej is the external reference frequency 
f,,, is the frequency displayed on the counter 
f,,, is the internal time-base oscillator 
frequency. 

totalizing 
Perhaps the simplest function of which an elec- 

tronic counter is capable is that of totalizing, or 
accumulating, a count of input events. Because this 
mode does not require a time base, as indicated in 
f ig. 6, i t  probably should have been covered 
previously as the most basic counter circuit. 
However, totalizing is not usually a function of low- 
priced counters, nor does it have major applications 
in amateur work; therefore I have delayed discussing 
it until the modes of greater interest were described. 

The gate-control switch shown in fig. 6 can be 
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either a manual switch or an internal switching circuit 
actuated by the input signal. Switching the gate- 
control switch to on resets the decade counters to 
zero and allows the processed input signal to pass 
through the gate for the length of time that the 
switch is held on. When the switch is turned off, the 
count stops and the number of input events which 
has occurred is displayed on the counter. 

An application which is of interest in these days of 
digital logic circuits is that of measuring contact 
bounce. Fig. 7 shows a simple circuit which permits 
such a measurement for either a relay or a manually 
actuated switch. When voltage is applied to a relay 
coil (or a manual switch is operated), the contacts 
will usually open one or more times after the initial 

DECADE 
COUNTERS 

fig. 8. Functional block diagram of a time-interval counter, 
which counts the number of clock pulses between the time 
the gate is opened by the START input and closed by the 
STOP input. 

closure because of the elasticity of the switch 
materials. This results in the waveform shown in the 
illustration, which is applied to the counter. The 
counter will then totalize and display the number of 
bounces. 

time interval measurements 
A counter may be used to measure the time inter- 

val between two input events, but this mode of 
operation requires two input-signal-conditioning cir- 
cuits and a more complicated gate-control circuit; it 
is therefore found only in the more expensive profes- 
sional instruments. As shown in fig. 8, the gate con- 
trol has two inputs, one from each of the signal 
conditioners. The gate is opened by the processed 
start input, allowing the accurate clock pulses to 
pass through to the decade counters until the stop 
input closes the gate. Thus the counter will display 
the time interval between the two input signals. 
The start and stop points are determined by the trig- 
gering levels and slopes selected by circuits in the 
signal conditioners. The time-interval resolution is 
limited by the clock frequency, and is subject to the 
same + 1-count ambiguity as all other measure- 
ments. As with period averaging, this ambiguity can 
be reduced for repetetive signals by averaging the 
time-interval measurements. When averaging, the 

I 
0.1 I 10 100 1000 

FREQUENCY /MHz) 

fig. 9. Reactance of 120 pF (typical for a high-impedance 
counter input with a %foot or 1-meter cable) plotted against 
frequency. 

ambiguity becomes +_ 1 count + m w h e r e  N is the 
number of time intervals averaged. 

An important application of time-interval measure- 
ment is the accurate determination of pulse width. 
The signal under measurement is applied to both the 
start and stop inputs. If the start channel is set to 
trigger on the positive slope, and the stop channel on 
the negative slope (or vice versa), the counter will 
indicate the time interval between the leading and 
trailing edges of the input signal. Adjustment of the 
triggering levels will permit the measurement to be 
made between the desired points on the edges. 

The upper frequency limit of the modern basic 
counter is dependent on the type of digital logic 
devices used in the signal conditioner and the first 
decade counter. This frequency limit may be as high 
as 50 MHz for conventional TTL, 120 MHz for Schott- 
ky TTL, and 250 MHz for ECL. Above those frequen- 
cies, prescaling is generally used to increase the fre- 
quency range, up to about 1300 MHz. 

Prescaling simply means that the input frequency 
is scaled, or divided, down to one which is within the 
basic range of, and is measured by, the basic 
counter. The divisor may be any integral number. If 
the prescaler is external to the counter, it will usually 
divide by 10 or 100, so that the frequency can be read 
directly from the counter after you have mentally 
multiplied the counter reading by 10 or 100, as appli- 
cable. If the prescaler is built into the counter, i t  may 
scale by any integral factor. 

The advantage of using an external prescaler is 
obvious - it permits extending the frequency range 
of an existing counter at relatively low cost. Its disad- 
vantages become equally obvious after it has been 
used. First, there is the necessity of mentally moving 
the decimal point, since the counter is actually dis- 



playing the divided input frequency. Second, one 
digit of resolution is lost for every decade of scaling. 
For example, a 145,600.0-kHz signal measured with a 
scale-by-ten prescaler will read 14560.0 kHz on a 
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fig. 10. The effect of triggering hysteresis. The waveform at 
(A )  will result in output from the trigger circuit, while those 
at (B) and (C) will not because neither crosses both limits 
of the hysteresis band. 

counter having a 0.01 -second gate time (0. I -kHz 
resolution). Multiplying by ten yields a frequency of 
145,600 kHz; the 0.1-kHz resolution is lost by scaling. 
It can be re-established only by increasing the gate 
time by a factor of ten, provided the counter has that 
capability. 

If the prescaler is an integral part of the counter, 
mentally scaling and moving the decimal point is 
eliminated, since this will be accomplished in the 
counter when the mode is changed from direct count 
to prescaled count. Nevertheless, the loss of resolu- 
tion remains. It can be minimized, however, by scal- 
ing by a factor less than ten, and simultaneously in- 
creasing the gate time by the same factor. 

Suppose that the internal prescaler divides the in- 
put frequency by four. If the gate time is increased by 
the same factor, there will be no change in the num- 
ber of signal pulses gated through to the decade 
counters, and the display will read out the correct 
frequency. Consequently, prescaling is accom- 
plished with only a fourfold increase in gate time, 
which is generally acceptable. 

Switching from direct to scaied operation may be 
carried out in one of three ways. If a single input 
connector is used, the counter mode is generally 
switched manually. If two separate input connectors 
are employed, one for low-frequency signals and the 
other for high-frequency inputs, the counter mode 
may be switched manually or automatically when the 
input signal is present at the high-frequency input. 

input impedance 
Counters which measure frequencies below 250 

MHz or so usually present a high input impedance - 
typically 1 megohm shunted by 30 to 40 picofarads. 
Above that frequency, the input impedance is 
generally a nominal 50 ohms, although the vswr may 
be as high as 2.5:l. At audio and low radio frequen- 
cies, a high input impedance is normally desirable, 

since it minimizes the load on the circuit under test. 
But just how high in frequency is this true? 

Consider a counter with an input impedance of 1 
megohm shunted by 32 pF, which is used with a 
three-foot (91 cm) cable made from RG-58ClU coax. 
The capacitance of RG-58ClU is 29.5 pF per foot 
(96.8 pF per meter), so that the total shunt capaci- 
tance presented to the circuit under test is approxi- 
mately 120 pF. The reactance of this shunt capaci- 
tance, plotted against frequency, is shown in fig. 9. 
It can be seen that the reactance drops to approxi- 
mately 1300 ohms at 1 MHz, and is only about 130 
ohms at 10 MHz. So the input impedance can no 
longer be considered high. On the other hand, if the 
counter had a nominal %-ohm input, you would 
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fig. 11. Erroneous counting caused by harmonic distortion 
is shown at (A).  The false count can be eliminated by ad- 
justing the level control, as indicated at (B), or by increasing 
the signal amplitude, as shown at ( C ) .  

know the loading effect, within the limits defined by 
the specified vswr. 

Suppose that you had to check the frequency of a 
70-MHz crystal oscillator which was designed to feed 
a %-ohm load. If your counter has a 50-ohm input, 
all is well. However, if it has only a high impedance 
input, the shunt capacitance of the counter plus a 
cable will more than likely load down the oscillator 
and change the frequency, if it continues to oscillate 
at all. Fortunately, a relatively inexpensive accessory 
will solve the problem. By using a 50-ohm feed- 
through termination* at the counter connector, a 
%-ohm interconnecting cable will be reasonably well 
terminated, and will present a load close to 50 ohms 
at the oscillator. 

The same thing may be accomplished by using a 
20-dB loss pad at the input connector of the counter, 
provided that there is enough signal to trigger the 
counter after having been attenuated by the pad. 

Even at low frequencies, the shunt capacitance 
may be too high for certain applications, such as 
checking filters. Capacitive loading can be reduced 
by using a 10X oscilloscope probe. Such probes typi- 

'Such as the Heath SU-511-50. Hewlett-Packard 10100C, Tektronix 
01 1-0049.01. Systron~Donner 454. and other similar types. 

february 1978 17 



TRIGGER 
41,7PUT .. . 

0 0 0 
fig. 12. False counting caused by ringing is shown at (A1 and 
IB). Proper adjustment of the reference level andlor ampli- 
tude, as shown at (Cl, corrects the fault. 

cally present a 10-megohm resistive load shunted by 
5 fo 15 pF, but of course attenuate the signal by a 
factor of 10. 

input signal levels 
One of the parameters invariably specified for a 

counter is sensitivity, generally in millivolts, but often 
in dBm for 50-ohm inputs. This indicates the mini- 
mum signal needed at the counter input to ensure 
reliable triggering. Of equal, and possibly more 
importance, however, is the maximum signal which 
may be applied to the input without damaging the 
instrument. 

For high-impedance inputs, the maximum signal 
voltage is usually specified as the sum of a dc value 
plus a peak ac value. The peak ac value may vary 
with frequency, going down as the frequency in- 
creases. The sum of ac plus dc is limited by the input 
blocking capacitor; the limiting ac value alone is a 
function of the input device in the signal conditioner. 
To be safe, when measuring at any point in a circuit 
where dc is present, always use an external blocking 

BBK Preclslon 1820 Univenal Frequency Counter will meas- 
ure frequency from 5 to 520 MHz. and permits high-resolu- 
tion period measurements from 5 Hz to 1 MHz. Decimal 
point position and unit-of-measure display is selected auto- 
metically for best resolution (photo courtesy BBK Pre- 
cision). 

capacitor of the smallest value which will permit 
reliable triggering. And if there is any possibility of 
the ac signal exceeding the specified maximum for 
the counter, use an external attenuator or dividing 
probe. 

For low (50-ohm) impedance inputs, the maximum 
signal level is limited by the input circuit of the signal 
conditioner. This level is generally much lower than 
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fig. 13. Spurious counts can result from noise on a signal 
when the noise is of sufficient amplitude to cross the hys- 
teresis band. 

for high-impedance inputs, and is typically between 
+ 19 and +27 dBm (2 to 5 volts rms across 50 
ohms). Because of the relatively high cost of the 
high-frequency input device and the possibility of ap- 
plying excessive power from a transmitter, the 50- 
ohm inputs are fuse-protected in many counters 
which can function at 500 MHz and higher. 

Although it should be obvious, the following warn- 
ing must be included: Never connect a counter 
directly to a transmitter or any other high-power 
signal source! Use a short length of unshielded wire 
as an antenna at the counter input connector, an 
inductive coupling loop at the end of a shielded 
cable, and/or an attenuator of sufficient power 
rating. The counter you save may be your own! 

If the counter is battery-powered, and there is no 
direct connection between it and the circuit or gener- 
ator under test, the counter should be grounded. 
This will reduce noise pick-up, especially when using 
a counter with a high input impedance. 

triggering 
The signal-conditioning circuits in all counters in- 

clude a trigger circuit which, as previously stated, 
provides output pulses whose amplitude and wave- 
shape are compatible with the counter circuitry 
which follows. The sensitivity of the counter 
depends on the threshold level of the trigger input 
and the amplification between it and the input of the 
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counter. If the amplified input signal has insufficient Another way of solving the ringing problem, which 
amplitude to reach the threshold level, the instru- is useful when the reference level and/or amplitude 
ment will not count or will perform erratically. cannot be changed, is to use a low-value resistor 

All trigger circuits have a hysteresis band, through (100 to 1000 ohms) between the circuit point under 
the limits of which the input signal must passin order test and the counter cable. This resistor, in conjunc- 

tion with the cable and counter input capacitance, in- 
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fig. 14. Amplitude modulation of the input signal can cause 
missing counts when the signal amplitude is too low. 

to result in an output pulse. Fig. 10 shows three in- 
put signals in relationship to the hysteresis band. 
Sine wave A crosses both the upper and lower limits 
of the band, and will actuate the trigger circuit; the 
amplitude of sine wave B is too small, so triggering 
will not occur; and waveform C crosses the upper 
threshold, but not the lower, so again no output will 
be produced by the trigger circuit. 

It is the action of this hysteresis effect which can 
result in erroneous counting which is so confusing to 
a relatively inexperienced operator. Suppose that the 
input to the counter were a sine wave with consider- 
able second-harmonic distortion, a not uncommon 
situation. In fig. 11A, the amplitude of the signal is 
such that the positive half-cycle crosses the hyster- 
esis-band limits twice, instead of once. The trigger 
circuit will generate two output pulses for each input 
cycle, and the counter will display twice the funda- 
mental frequency of the signal. If the counter has a 
level control, which adjusts the reference level at the 
input of the trigger circuit, it can be adjusted to elimi- 
nate the false count, as shown in fig. 11B. If there is 
no level control, as is the case with most low-priced 
counters, the problem can be eliminated by increas- 
ing the amplitude of the input signal, as depicted in 
fig. 11C. 

A similar problem may arise when measuring the 
frequency or period of a signal comprised of fast 
pulses. If the interconnecting cable is not terminated 
in its characteristic impedance, or if other impedance 
discontinuities exist, ringing will occur on the pulses. 
If the ringing traverses the hysteresis band, as shown 
in fig. 12A and 128 for two different reference 
levels, a false count will result. Proper adjustment of 
the signal amplitude and reference level, indicated in 
fig. 12C, will provide the correct count. 

tegrates the pulse and minimizes the pulse aberra- 
tions which reach the counter. 

Figs. 13 and 14 illustrate two other conditions 
which can result in false counts. The noise transients 
on the signal shown in fig. 13 will cause additional 
counts, while amplitude modulation may result in 
missing counts, as shown in fig. 14, if the amplitude 
of the input signal is too small. In either case, the 
solution is the same as previously prescribed - 
change the reference level and/or  the signal 
amplitude. 

In our earlier discussion of period and period- 
averaging measurements, it was stated that the trig- 
ger error resulting from noise on the input signal 
contributed to the measurement error. This is shown 
in fig. 15, in which a sawtooth wave is used to 
demonstrate the effect of slope, or slew rate, on the 
trigger error. It can be seen that the noise voltage on 
the relatively slow rise-time can cause a much greater 
trigger error than that which occurs on the fast fall- 
time. Thus we can see that the trigger error can be 
minimized by triggering on the steepest portion of 
the input signal to the counter. For a sine wave, this 
will be that part of the waveform at the zero axis, 
leading to the conclusion that a signal of the max- 
imum possible amplitude should be used. 

It should be apparent from the preceding discus- 
sion that an input attenuator on the counter can be 
of considerable help in establishing the correct input 
level to the trigger circuit. In many of the lower- 
priced counters an attenuator has been omitted 
because of cost and because it was felt that limiting 
diodes at the input of the signal conditioner would 
protect the input device. The latter reason is valid 

HYSTERESIS 'I 
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fig. 15. Trigger error in period and period-averaging meas- 
urements, caused by noise in the input signal. The error is 
minimized by a fast slew rate through the hysteresis band. 
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fig. 16. Test setup for calibrating the timebase frequency 
against WWV. 

only where overload is considered, for even a two- 
position attenuator can be extremely valuable in 
eliminating false counting. 

time-base calibration 
Unless an oven oscillator or TCXO is used as the 

time base in a counter whose oscillator circuit is 
energized continuously, the oscillator frequency 
should be checked, and adjusted if necessary, 
whenever accurate measurements are to be made. 
Be sure, however, that the counter is fully warmed 
up before checking or recalibrating the oscillator. 

In order to  calibrate the time-base frequency, 
either a standard of known accuracy or a com- 
munications receiver capable of receiving WWV is 
required. If the standard is at least five times more 
accurate than the best resolution of the counter at 
the time-base frequency, it can be applied directly to 
the input of the counter. Then adjust the time-base 
oscillator frequency control for the correct frequency 
read-out on the counter. 

A more accurate adjustment may be made if the 
counter has an output connector from which a 
1-MHz time-base signal can be obtained. Connect 
this output to the vertical input of an oscilloscope, 
and connect the output of the frequency standard to 
the horizontal input." The scope will display a Lissa- 
j o u ~  pattern, which will probably be moving. Adjust 
the time-base frequency control until a stationary 
pattern is obtained. 

If the counter is to  be calibrated against WWV, a 
time must be chosen during which transmissions are 
received with an absolute minimum of fading. Select 
the highest receiving frequency possible (e.g. 15 
MHz) to achieve the greatest calibration accuracy. 
The calibration technique involves obtaining a visual 
beat indication on the receiver S-meter, and ad- 
justing the time-base oscillator frequency for as close 
to a zero-beat as possible. 

In order to  obtain a good beat null, the time-base 

'These connections are based on the assumption that both the horizontal 
and vertical amplifien in the oscilloscope will pass a 1.MHz signal. If the 
counter has a time-base output of higher frequency. it can also be used. 
provided that it is within the frequency range of the scope. The lower of the 
two frequencies (the standard and the counter time basel should be con. 
nected to the horizontal input, since the horizontal frequency limit is usually 
lower than the vertical. 

signal which is applied to the receiver must be of the 
correct amplitude relative to the signal level from 
WWV. Since we cannot control the latter, we have 
to be able to vary the signal level from the counter. If 
the counter has a 1-MHz output from the time-base 
circuit, make the connections shown in fig. 16. If a 
time-base signal is not brought out to a connector on 
the counter, substitute an insulated wire for the coax 
shown connected to the receiver antenna terminal 
and place it near the counter time-base oscillator or 
frequency-divider chain. In either case, the harmonic 
of the 1-MHz signal should result in a low-frequency 

Leader LDC- Frequency Counter measures frequency to 
80 MHz and features selectable gate time and input attenua- 
tion (photo courtesy Leader Instruments). 

beat with WWV. (This will not be an audible beat 
unless the time-base oscillator is very far off frequen- 
cy; more likely it will be observed as a rythmic varia- 
tion in the S-meter reading.) Adjust the potentiom- 
eter shown in fig. 16, or change the position of the 
insulated wire, to obtain the deepest beat null on the 
receiver S-meter. 

It should be possible to adjust the time-base fre- 
quency so that the beat-frequency period is several 
seconds, which corresponds to a remarkably accu- 
rate short-term frequency setting. To demonstrate 
this, assume that eight beats are observed on the S- 
meter in a 60-second period. The beat frequency is 
therefore equal to 8/60, or 0.133 Hz. If the beat is 
measured at 15 MHz, the error is 0.133/15 x 106, or 
8.9 x 10-9. Of course, this degree of accuracy may 
hold only for a short period of time, because the 
stability of the counter time-base oscillator, unless it 
is an oven type, is nowhere near that good. Never- 
theless, highly accurate measurements may be made 
until the counter is turned off or a temperature 
change affects the time-base oscillator. 

ham radio 
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simplifying the 
digital frequency counter 

Some innovative ideas 
for high-resolution 

counters using CMOS - 

rr~ devices 

Radio amateurs have had a long history of 
pioneering in electronics. My experiments with the 
new IC technology resulted in the following article. I 

and pulse conditioning. Power required is 5 volts at 
1.5-2 amps or more! Only one example was found 
using CMOS. It still used 21 chips and was limited to 
4 MHz. 

A number of the newer CMOS combinations are 
available from which to choose for simplifying the 
counter and decreasing power requirements; the 
lntersil 720817207A combination seemed to be the 
most promising, so it was chosen for this project. 

The counter is shown in figs. 1 and 2. Both cir- 
cuits comprise a complete frequency counter with 1- 
Hz resolution from below 20 Hz to above 50 MHz, 
and with 10-Hz resolution to above 300 MHz. Nine 
ICs and four transistors are used including the power 
supply and prescaler. Current drain is 200 mA for fre- 
quencies below 50 MHz; an additional 130 mA is 
required for higher frequencies. 

Device description. The heart of the counter is the 
7208 CMOS chip. This device contains a 7-decade 

fig. 1.300-MHz prescaler for the high-resolution counter. 

decided to find out just how much the digital fre- 

I 
counter, multiplexer for the display, 7-segment 

quency counter could be simplified by using some of decoder, digit and segment drivers, and the logic re- 
the newer CMOS combination chips. quired for blanking, reset, input inhibit, and display 

Today's literature shows that much can be done. on-off - a regular one-man band! 
Almost everyone seems to be using TTL technology; The 7207A is another CMOS chip that teams up 
for example, the 749017447 combination dating from 
the 1960s: an 8-digit counter using 7490 devices 
requires 24 chips for the main counter alone, plus 12 B y  Holton E. Harris, W1 WP, 5 Newtown Turn- 
or more (typicall~) for a crystal-controlled time base pike, Westport, Connecticut 06880 
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with the 7208. It contains a high-stability oscillator 
and a frequency divider for dividing the 5.24288-MHz 
crystal frequency to  obtain the 1-second gate re- 
quired for counting. It also provides outputs to  
synchronize the mutliplexer for the displays as well as 
short pulses for latching and resetting the counters. 

CMOS and TTL combination. The one real deficien- 
cy of CMOS is that it is slow - i.e., low-frequency 
response. The 720817207A combination alone, with 
power supply, LED displays, and crystal can be used 
to make a complete counter (as shown later) but it 
won't count above about 6-7 MHz. Almost all of the 
remaining circuitry in this counter is the old work- 
horse TTL, purely and simply to  extend the fre- 
quency range. 

The 74196 counter is used to  get to 50 MHz. This 
device is similar to the 7490 but has a higher frequen- 
cy range. A prescaler could have been used instead, 
of course, but a synchronized counter was preferred 
because it retains accuracy in the least-significant 
digit. The 9368 performs the decoderldriver f unc- 
tions for the least-significant digit of the LED display. 

When lntersil first announced the 7208, the com- 
panion driver was the 7207. This combination gave a 
gate signal of 0.1 second, so the resolution was 10 
Hz instead of 1 Hz. But the worst of it was that, if all 
seven decades of the 7208 were used, the most-sig- 
nificant digit was 10 MHz, which was above the fre- 
quency range of the counters in the 7208. In effect, 
therefore, all seven decades could never be used. 

The 7207A, announced in late 1976, corrects the 
problem. It has a gating pulse of 1 second duration, 
permitting 1-Hz resolution. Unfortunately, to  make 
room for the added counter stage, the output buffers 
on the reset and enable lines had to  be eliminated. 
These signals therefore can't be used to drive the 

7432 TTL gate directly, and an extra buffer was 
' required. The 4049 IC is a hex bufferlconverter 

designed for this CMOS to TTL interface. The signal is 
passed through the buffer twice with a 4.7k pullup 

fig. 2. Schematic of a 50-MHz counter with 1-Hz resolution. 
In eech counter example, the resolution is decreased by a 
factor of ten by taking pin 11 of the 7nnA to Vcc 

resistor at the interstage in an effort to make the 
gating pulse rise and fall times equal. Equal rise and 
fall times are important, since the accuracy of the 
entire counter depends on the time the counting gate 
is open. The 7432 is an OR gate, which removes the 



level and turns off at another, much lower, level so 
that slowly rising signals can't cause jitter, and false 
triggering is avoided. ..................... The prescaler to extend the range is likewise con- 

................... ................... ventional. It was lifted from the excellent article by ................... .................. .................. Kitchens? Why argue with success? .................. .................. .................. .................. One point may appear puzzling. If you check the .................. lntersil 7208 data, you'll find the multiplexer input 
brought into pin 16. This leaves two prior CMOS 
gates open, which is bad practice. I couldn't get the 
device to work at all with that connection. Bringing ................... 

m-a03 C- anam ~ S M S  

Pegboard construction of the counter shown in fig. 3. The 
power supply is shown at left. The two sections were cut 
apart for mounting into a cabinet. 

input signal from the counter input except during the' 
counting interval. 
Circuit description. The 5.24288-MHz crystal and 
the oscillator portion of the 7207A form a high- 
precision time reference that determines counter 
accuracy. The crystal is a low drift, 5 ppm type. If 
higher precision is desired, an oven should be used. 

The 7207A has a binary divider chain that divides 
the oscillator frequency by 220 to  yield a 0.5-Hz 
square wave that sets the counting interval to  exactly 
1 second. A higher frequency is picked off to syn- 
chronize the 7208 for multiplexing the output 
displays. Pulses are also generated to set the display 
latches and reset the counters at the appropriate 
times. 

After passing through the 4049 buffer, which 
increases the power level to drive the TTL gates, the 
timing signal is applied to the 7432. For the 1 second 
during which the signal is low, the 7432 allows the in- 
put signal to  pass through to the 74196 counter. The 
74196 counts to 10, puts out a pulse to the 7208, then 
repeats. The 7208 has seven decade stages that 
similarly count successive decades. 

After the 1-second counting period, the gate to  the 
7432 goes high and the counters stop. The latch 
pulse from the 7207A transfers this count into the 
latches, and the decoderldrivers in the 7208 convert 
the count to  7-segment form and pass it to  the ro 

display lines. Another pulse from the 7207A through 
0prt.scr~n 

the 4049 then resets the 74196 and the seven 
decades i n  the 7208 t o  zero. Meanwhile the 
multiplexer in the 7208 energizes each LED display in zwv 
sequence. 

The low-frequency preamplifier was cribbed from 
Stark'. An additional stage of amplification was 
added after the input fet to increase sensitivity. The 
circuit thus consists of a two-stage amplifier driving a fig. 3. schematic of a 3 0 ~ ~ ~  with 1 & ~ ~  rmolu- 
Schmitt trigger. The Schmitt trigger turns on at one tion. 
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fig. 4. Simplified counter that operates up to 6 MHz with 
10-Hz resolution. 

the multiplexer input to pin 19, as shown in fig 2, 
ties everything down and cures the problem. 

The new National 5881, 581, and 583 multiple 
display LEDs were used because when they first 
came out they were even cheaper than surplus 
standard units. If I had it to do over again, I'd use the 
conventional FND-507 even if  more wiring is 
required. 

construction 
I built the circuit on pegboard using point-to-point 

wiring with a Vector wiring pencil. A more enter- 

prising builder might wish to make a PC board. The 
only adjustments required are to tune the crystal to 
exact frequency using the 8-40 pF trimmer and to 
adjust the 5k pot in gate 2 of the 40673 prescaled 
transistor (fig. 1). This latter adjustment is easily 
made by connecting a voltmeter between the 7413 
pin 1 and ground and adjusting the trimmer pot until 
the dc level is about 1.3 volt. 

other forms of the counter 
The one big disadvantage of the counter described 

above is that its sampling time is quite slow. Obvi- 
ously, if a resolution of 1 Hz is required, the counting 
gate must be open for one full second. Another 
second is allowed for reset and latch, so that the total 
time to update the display is 2 seconds. Under some 
circumstances, this can seem like forever! 

For most applications, a I-Hz resolution isn't really 
necessary, and the circuit of fig. 3 can be used. Here 
the 7207 is used as the oscillator/timer. This device 
gives a counting interval of 0.1 second and a total 
period of 0.2 second. The counter thus updates 5 
times per second instead of once every 2 seconds, 
and action seems much more normal. The resolution 
is, of course, only 10 Hz instead of 1 Hz, which is suf- 
ficient for most purposes. 

The counter shown in fig. 3 includes further 
simplifications. The functions of the 7413 Schmitt 
trigger and the 7432 OR gate are combined in a single 
IC, the 74132. This device is a quad 2-input NAND 
Schmitt trigger, which does both jobs. This change 
could, of course, be made in the circuit of fig. 2. 

Fairchild FND-503 displays are used here. The 100- 
ohm limiting resistors were eliminated for a brighter 
display, which increased total counter current from 
200 to 300 mA. 

A further simplification is possible if the highest 
frequency to be counted can be limited to 6-7 MHz. 
In this case the 74196, together with the 9368 and 
7432, can be eliminated. The circuit is shown in fig. 
4. The 7208 IC provides the counting function. 
Resolution is again 10 Hz, and the seventh digit in the 
readout is omitted, since it can never be used in this 
instance. However, the circuit makes a mighty sim- 
ple counter. 

I'd like to express my appreciation to my co- 
worker, Josh Schwartz, without whose excellent 
and timely suggestions this project couldn't have 
been completed. 
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how to modify 
your frequency counter 

for direct counting 
to 100 MHz 

Simple IC circuit 

can be used in an 
existing frequency counter 

to extend its 
direct counting range 

to 100 MHz 

When the prices of l T L  integrated circuits first 
dropped to the point where the average amateur 
could use them to build a frequency counter, the 
maximum operating frequency was about 25 MHz. 
Then came the Fairchild Semiconductor 951-190 
prescaler with its 350 MHz capability. This promised 
reliable measurements at 220 MHz, but some of the 
earlier homebrew counters were frequency limited 
and could not use the prescaler to its full advantage. 
Next came the Fairchild 11C90, which was rated at 
650 MHz and the 1300 MHz counter from Hewlett- 
Packard. It will only be a matter of time before an in- 
expensive 1 GHz prescaler reaches the market. It 
hasn't arrived yet, but I decided to redesign my 
counter to adapt to such a prescaler, when it comes. 

There has been a flood of second-generation TTL 
ICs appearing in the past few years that would both 
increase the speed and diminish the size of a modern 
frequency counter over one using the standard 7490 
decade counter, 7475 latch, and 7447 LED 
decoderldriver. I decided that a complete rebuilding 
of my counter, while interesting, could not be 
justified. In this project described in this article a 
single board, containing a gate circuit and the first 
decade counter, is substituted for the original. This 
board can be used in any counter which has a 
positive gate-enable pulse, a positive or negative 
reset pulse, and enough room to sandwich in the 
modification. 

circuit operation 
The gate function is performed by one gate of a 

74S00. When a positive enable pulse is applied to 
one NAND gate input (during the counting period), 
the gate will act like an inverter to a square wave ap- 

By Ian MacFarlane, WAISNG, 102 Columbus 
Avenue, Greenfield, Massachusetts 01301 
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fig. 1. Schematic diagram of the 100 MHz  counter. If your existing counter has a positive reset pulse, jumper C to CC and D to 
DD as shown here; if the reset pulse is negative, jumper C to D. If the count enable pulse is negative, jumper A to AA and B to 
BB as shown; if positive, jumper A to B. Not shown here but included on the circuit board are two bypass capacitors from the 
power supply to ground, C2 and C3. 

plied at the second input. As the gate enable pulse was second only to finding an 82S90. Neither device 
falls to a logic zero, the NAND output rises to one, is stocked by most suppliers, but I have been advised 
and is not affected by state changes at the second in- by Active Electronic Sales that they can supply 
put. Consequently, the gate operates as an onloff SN74S196N ICs at $3.45 each." These are Texas 
switch to control the flow of the signal to be counted 
into the first decade counter. If your counter uses a "Active Electronic Sales Corporation, Box 1035, Framingham, 

negative enable signal, provisions have been made Massachusetts 01701. They have a minimum order requirement of 
$10.00, plus a $1 .OO postage and handling charge. 

on the circuit board to use an extra NAND gate to in- 
vert the count-enable pulse. 

A 74S196 presettable decade counter is used to 
extend the guaranteed count frequency to 100 MHz. 
The typical frequency limit is 140 MHz. To disable the 
preset feature, all presettable data inputs must be 
held at a logic one, along with the CountlLoad input. 
Binary-coded-decimal counting is provided by con- 
necting out QA to Clock lnput 2, and injecting the 
signal to be counted into Clock lnput I .  Counting oc- 
curs on the negative transitions of the count pulse. 
The reset (clear) pulse must also be negative, unlike 
that used for 7490 decade counters, so one NAND 

gate is used as an inverter. If your counter also uses a 
negative reset pulse, it is possible to directly drive the 
clear input, so long as the fanout of your clear line is 
not exceeded by the 74S196 requirements. Unlike a 
7490, the clear input of the Schottky chip is two 
standard Schottky loads (or 2.5 standard 7400 series 
loads). If your counter has a maximum of eight 
digits, you should not encounter any difficulty. 
However, don't try to drive the reset line with an L or 
LS series device because it will not be able to supply 
sufficient current. The 74S196's four binary-coded- 
decimal outputs (QA through OD) are connected to 
the respective inputs of the latch. 

Signetics Corporation manufactures a plug-in 
replacement for the 74S196 called the 82S90. This 
might be the easiest device to find for some people, fig. 2. Full-size printed circuit board for the 100 M H z  counter 
but for me the difficulty of trying to locate a 74S196 stage. Component layout is shown in fig. 3. 
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SURFACE C W  THE I C D  W T W T  T O  LATCH 
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fig. 3. Component layout for the 100-MHz counter. Bypass 
capacitor C2 is a 0.1 pF or larger disc ceramic; C3 is a 47 
pF, 10 volt, tantalum or electroiytic. 

Instruments devices with current date code devices, 
but since they are not normally stocked, delivery time 
is three weeks. 

construction and installation 

Circuit details and IC pin-out diagrams are shown 
in fig. 1. The printed-circuit pattern and component 
placement information is given in fig. 2 and 3. The 

power supply lead should be a separate shielded 
cable (audio type is fine) connected directly at the 
power supply. Connect the shield to the common 
power supply ground point and attach the other end 
to common on the PC board. To prevent ground 
loops, do not ground the board where it is mounted. 

Disc or rectangular ceramic bypass capacitors are 
used liberally to  discourage transients but their 
values are not critical - the larger the better. One 
large tantalum or electrolytic capacitor is used to 
eliminate low-frequency transients. Shielded cable 
may also be used to bring the Gate-Enable, Reset, 
Oa through OD, Count Pulses In, and Count Pulses 
Out signals into and out of the board. Shielded cable 
is not really needed in practice, but it will reduce the 
amount of rf floating around the counter, and may 
prevent jamming of the input circuit. If shielding is 
used, ground the shield at the board and trim back 
the braid at the other end. 

modifying the input circuit 
Extending the range of the input circuit to 100 MHz 

is not absolutely necessary because a prescaler will 
extend the counting range anyway. However, direct 
counting to  100 MHz is easy to accomplish in 
counters which use the two most popular input 
circuits. 

One popular input circuit consists of a fet 
amplifier, often an RCA 40673, driving a Schmitt trig- 
ger; a typical circuit is shown in fig. 4.1 Almost any 
dual-gate mosfet will operate well above 100 MHz, so 
no change is required there. If the Schmitt trigger is a 
7413. it can be replaced directly with a 74813. 
Discrete Schmitt triggers built up from 7400 or 7404 
gates can usually be replaced with Schottky devices 
without changing any external resistors. 

Another popular counter input circuit first ap- 
peared in OST;! during a review of the HUA Elec- 
tronics 1BC-la frequency counter. This circuit (fig. 
5) has been widely duplicated over the years with 
varying success. Input sensitivity estimates have 
been reported from 10 to 300 mV, so a few sugges- 
tions are in order for anyone having difficulty with 
the HUA circuit. Problems stem from two sources: 
the extreme sensitivity of the unit, and the substitu- 

fig. 4. Counter input and shaper stage used in many homebrew frequency counters was originally used in a commercial instru- 
ment; it can be modified for use at 100 MHz as discussed in the text. 
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tion of one TTL sub-series for another (such as a 
74LS04 for the 7404). Sensitivity can be so great that 
leakage from other counter circuitry jams the input, 
establishing a threshold that must be exceeded to  
trigger the counter. The solution is t o  shield the en- 
tire input circuit i n  a minibox, using coax t o  bring the 
signal in, and shielded wire, bypassed on both ends 
with 0.1 pF and 47 pF capacitors, for the +5 volt sup- 
ply. The shield should be grounded at the power sup- 
ply and connected as the common return on the cir- 
cuit board. 

fig. 5. Popular counter input stage based on the 40673 mos- 
fe\t which can be modified for operation to 100 MHz as de- 
scribed in the text. 

The second problem concerns differing bias re- 
quirements between the standard and LS series. 
When substituting a 74LS04 for a 7404, it is impossi- 
ble to  simply interchange one for the other without 
changing the external resistors. This problem is not 
as acute when replacing the 7404 with a 74S04, 
because the difference in input current between the 
Schottky and standard series is slight. Only one 
resistor seems to  be at all critical, and this is the 560- 
ohm feedback resistor across the first hex inverter. A 
sure way o f  obtaining the most performance from 
your particular combination of devices is to  optimize 
this resistor. Connect a 1000-ohm potentiometer in 
place of the 560-ohm resistor and adjust it for max- 
imum sensitivity. Using an ohmmeter, measure the 
resistance (after carefully removing the pot f rom the 
circuit) and replace i t  wi th a fixed value. 

conclusion 
For a total cost of  less than $20 for all materials, in- 

cluding printed-circuit drafting and etching supplies, 
this circuit can pu t  new life into an otherwise out- 
moded counter. The 74S196 will typically extend 
counting t o  125 or even 140 MHz, which should ac- 
commodate the output of  prescalers for many years 
to  come. 

references 
1. Peter Stark, K20AW. "A Modern VHF Frequency Counter." 
73, July, 1972, page 5. 
2. Gerald Hall. KlPLP. "HUA Electronics Frequency Counter 
Model 1 BC-la." QST, April. 1972. page 60. 
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the ~mOmfi antenna 
in town 
gives you the 
b a m t  performance! 
Since the first Larsen Antenna was introduced some 
15 yearsago. this basic fact has not changed: 
Larsen Mobffe Antennas are designed and built 
to outperform. 
With the introduction of the Larsen exclusive Kiilrod 
whip, this superior performance is a fact more 
than ever. 

We're not going to confuse you with details on 
metallurgy, radiation resistance, plating systems and 
all that. Instead we suggest that you make this 
simple test: 
Take any antenna other than a Larsen . . . one with a 
regular unplated 17-7 PH stainless steel (.1001.050) 
tapered whip. Apply a good husky signal to i t . .  . 100 
watts, for, say, a full minute. Then, power off, feel 
theantenna. Careful! Burn blisters aren't pleasant. 
Next.. . try a Larsen KOlrod Antenna. Put it to the 
same test. 

Amazing isn't It! 
That's our story. Heat means power.. . power that isn't 
radiated.. .power you shouldn't throw away. With the 
Larsen Kiilrod, power goes into communicating 
instead of heating the antenna. That's why you can 
HEAR the difference. 

Larsen Antennas areavailable to fit all styles of 
mounts and to cover Amateur frequencies from 6 
meters through 450 MHz. Write for completecatalog 
and list of dealers nearest you. 

11611 N.E.50thAve. 
P.O. Box 1686 
Vancouver. WA 98663 
Phone: 2061573-2722 

m Canada write to: 
Canadian Larsen 
Electronics. Ltd. 
1340 Clark Drive 
Vancouver. B.C. V5L 3K9 
Phone: 6041254-4936 

'" Kiilrod Is a Registered 
Trademark of Larsen 
Electronics. lnc. 
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simple front-ends 
for a 500-MHz 

frequency counter 

Basic front-end design 
is stressed in this adaptation 

of the lntersil seven digit 
CMOS frequency counter 

The advent of the lntersil CMOS counter chip pair, 
the ICM 7208 and 7207A, has resulted in many 
designs which take advantage of the low cost and 
simplicity these chips make possible. I wanted a 
complete, 500-MHz counter, but with no bells and 
whistles. Since most hams do not need more than 
100 Hz resolution at 500 MHz, the counter was re- 
stricted to seven digits. With most of the basic work 
already documented in lntersil application notes, the 
only real design problem was to fabricate a suitable 
front-end that interfaced between the prescaler and 
the CMOS integrated circuit. 

As an engineer I have fought many debugging 
wars, enough to know that sure things don't always 
work the way they are designed. Accordingly, I re- 
searched the literature for the tried and true. As a 
result, what follows is not entirely original, but it has 
the redeeming virtue that it works. 

50-MHz front end 
The front end is composed of 0 1  through Q7, with 

a sensitivity of 300 mV at 30 MHz, falling to 1 volt at 

50 MHz (see fig. 1). Most of the credit for the design 
goes to Marvin Moss, W4UXJ, who adapted it from 
several other similar designs. 

As a single device, the fet used for 0 1  does not 
give satisfactory performance. Therefore, 02 is used 
to bootstrap the voltage at the source of Q1 to more 
closely equal the voltage at the gate of 01. This also 
greatly reduces the effect of 01's input capacitance 
at high frequencies, thus maintaining the input 
impedance with increasing frequency. Capacitor C2 
compensates for the small amount of rolloff that will 
never-the-less occur. R5 allows quiescent point 
adjustment for maximum sensitivity. Since the 
remainder of the front end is dc coupled, R5 also sets 
the operating point for the rest of the amplifier. 

0 3  has a fixed gain of approximately 6.8, the ratio 
of R7 to R8. R8 also raises the input impedance of 
this stage to minimize loading on Q1-Q2. C3 tends to 
raise the gain of 0 3  to compensate for the rolloff in 
gain brought about by the output capacitance of 0 3  
being in parallel with R7. 

Q5 and 0 6  form a high-gain amplifier with hystere- 
sis. Basically, Q5 is an emitter follower driving the 
common base amplifier, 06. The base of 0 6  is held at 
approximately 6 volts by R12 and CR4. Because of 
the high voltage gain of the common base configura- 
tion, the signal alternately drives Q6 close to satura- 
tion and cutoff. However, R11 creates a small 
amount of positive feedback, or about a 0.6 volt hys- 
teresis. This is necessary to avoid extraneous counts 
on low-frequency signals. 

Transistor Q7 is used as an emitter follower to 
drive the TTL counter circuitry that follows. The low 
value of R14 is necessary, since TTL likes to see a low 
source impedance in the low state. A common-emit- 
ter stage might work here, but would require more 
components and would draw just as much current. 

By John H. Bordelon, K4JIU, 1132 Research 
Drive, Marietta, Georgia 30066 
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fig. 1. Schematic diagram of the complete frequency counter including the low-frequency 10-50 MHz) and high-frequency (50- 
500 MHz) preamplifiers. The displays have been wirewrapped into a set of sockets and are shown here as a multiplexed assem- 
bly. Other displays can be used but they must be common-cathode types. The crystal frequency is 5.242880 MHz (available from 
International Crystal). All resistors are % watt, 10 per cent tolerance. The5 and 12 volt regulators are MC7806 and MC7812 ICs. 



fig. 2. Foil pattern for the 500-MHz frequency counter. 

The 500-MHz prescaler uses the popular and readi- 
ly available Fairchild 11C90. This ECL device not only 
has a minimum count rate of 500 MHz, it directly 
drives TTL, and has built-in biasing networks to in- 
sure optimum sensitivity. It does not have the older 
95H90's reputation for being picky about supply 
voltage. 

The 2N5179 has got to be one of the most bang- 
for-the-buck transistors around. Reviewing articles 
for using it to drive 95H90s to 300 MHz led me to 
think it would almost certainly work well at 500 MHz, 
especially in view of its fT of over 1 GHz. Such is the 
case, and the sensitivity at 500 MHz is 200 mV RMS, 
and 25 mV at 50 MHz. A 0.3m (I-foot) antenna yields 
solid counts on a 1-watt, 2-meter mobile 6. lm (20 
feet) away. The low-input impedance is not a handi- 
cap in most cases, and a virtue in some. L1, in com- 
bination with the 2N5179's output capacitance, 
serves as a low-Qresonant circuit. 

the complete counter 
Referring again to the schematic, I chose a very 

common IC, the 74196, for the 50-MHz prescaler 
(U3). U2, a 74500, routes the signals as directed by 
the range switch (S2). This also eliminates the need 

for any front-panel rf switching. 09  drives the appro- 
priate display decimal point, under command of S1 
and S2, to provide a display that always reads in kHz. 
The CMOS counter will not count to its specified 
maximum frequency when driven by TTL; the output 
voltage swing of TTL is too low. U9 cures this prob- 
lem by providing a signal that swings from nearly 
ground to very near the supply voltage. Observant 
readers may notice that the signal goes through the 
%-MHz prescaler, even when the 5-MHz range is in 
use. I've applied the signal to the OD data input; with 
the count/load control (pin 1) low, the OD signal will 
follow the data input. When pin 1 is high, inputs on 
pin 8 are accepted and prescaled by 10. Taking 
advantage of the architecture of the 74196 in this 
way eliminated the need for any extra gates. 

Resistors R33 through R40 are current limiting re- 
sistors for the FND359 displays which I plugged into 
wire-wrap sockets. R26 through R32 are recom- 
mended by lntersil to preclude digit driver leakage 
from causing "ghosting" on the display. 

The power supply is conventional. CR17 allows 
use of external battery power and protects the bat- 
tery pack should ac be applied to the counter power 
supply. It should be noted that U8 supplies U4, U5, 
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and U9. Otherwise, U5 may be damaged by any volt- 
age difference between the two regulators. I de- 
signed my circuit board (fig. 2) to take care of this. 

construction 
,A printed-circuit board seemed the only reason- 

able way to construct the counter.* Fig. 2 shows the 
layout of the board. The two front ends useggood 
high-frequency layout practices. Although two-sided 
boards are generally thought to  be de rigueur for 
such situations, they are not always necessary. My 
counter does not talk to  itself. One reason for this is 
the use of broad ground planes dividing and encir- 
cling some circuits. Note especially the layout of the 

'500-MHz preamp and prescaler. 
The chassis is homemade, black anodized alumi- 

num. Transfer letters were used for labeling, with 
clear spray enamel used to protect them. Enamel 
does not seem to  cause smearing of the letters, but 
caution was exercised. 

There are no adjustments to the 500-MHz front 
end. In use, a no-count condition may just as likely 
be an overload as well as indication of not enough 
signal. 

The 50-MHz front end requires R5 to  be adjusted 
for maximum sensitivity. The best way to adjust it is 
with the aid of a signal generator having a variable 
output attenuator. This way the input signal may be 
reduced in small steps, touching up the adjustment 
of R5, until maximum sensitivity is obtained. 

Adjustment is most critical at 50 MHz, so final 
alignment should be done there. Because my 74196 
was of questionable origin, the maximum count rate 
was just shy of 50 MHz. If operation at 50 MHz 
seems impossible, drop down in frequency and come 
up in small steps, touching up R5 each time. Don't 
forget that if the 74196 is not up to snuff, the 11C90 
will be handicapped as a result. Check the former be- 
fore blaming the latter. 

conclusion 
Two of these counters have been built and are op- 

erational. About twenty-two more are in various 
stages of construction around the southeastern 
United States. Minimum cost, exclusive of the cir- 
cuit board, is about $50, with a maximum cost of 
about $85. 

'Etched, drilled, and plated circuit boards, of G-10 epoxy fiberglass, wilh 7 
pages of documentation, am available for $15, postpaid, from the aulhor. 

reference 
1. Marion D. Kitchens. Jr.. K4GOK. "VHF Prescaler for Digital Frequency 
Counten," hamradio, Februav. 1976. page32. 
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635V-1 Calllnr Preselector band pass f l l t e n  - They're back! 
2 to  3 MHz. 1 kHz steps, with copy of manual and rack and 
connector. $275.00 

RF Power Meter - Identical to  HP Model 430C 
. Read article April '77 HR Mag.. Pg. 44 for 
use. Copies of article available on written re. 
quest. Our special purchase i s  your gain at  
$34.95 ea. Note: This is Gen'l Microwave. 
451. Bolometer/thermistor mount available 
with purchase. $45.00 

Audio Five ~dentncal Compressor plug-in AN/GSA-33 compres- - bi e,' 3' 
sor amps with power supply in 3'* ) Y*-~,*, 
19 inch rack. al l  solid state. ,@" -2 rr *-a 1 * 
COO!! en & out, great for auto 
patch and phone patch. Weighs 
less than 30 Ibs. Built like a battleshrp. $34 95 

RECEIVERS 
Colllns 651F-1. 2 to  30 MHz in 100 cycle steps, digital tuning. 
USB/LSB/ISB. Stability: 1 part in 10e. Completely remote 
controlled, with all racks. connectors, control head. $1400.00 

R-3881511 - Collins 0.54 to  31 MHz $375.00 
R.390A - 0.54 to 3 1  MHz. overhauled complete $595.00 

SPECIAL! R-390 with CV591 SSB Converter and outboard audio 
amp. All in neat 19" rack. Special1 $500.00 
RACAL Model 6217A. 980 kHz. 32 MHz. All Solid State. takes 
about 3 Inches of rack space, digltal tuning $1600.00 
L N  GI11 Panonmlc R w r  includes CRT display. 100.150 MHz 
with converters. Will make a fine spectrum analyzer. $150.00 

TMR-5 with front end plug-ins to  cover 

105.140 MHz and 200.260 MHz. $250.00 

CEI type 415. 60-250 MHz. al l  solid state. modular constr.. r i a l  
controlled. 4 channels. Incredible value. $85.00 
SR-I3A. 2 to 30 MHz, good condition. $285.00 

TEST EQUIPMENT 
Frequency Counter. LTV Model G-195. al l  solid-state $195.00 

Tektronics 545. several to  choose from. $175 to  $375, de- 
pending upon condition; call or write. 

ANOTHER MICROWAVE GOODIE: 2.2 KMc Solid State T n n r  
ponder - includes circulator, balanced mixer. LO (SMA 
connectors alone worth the price). $34.95 

HP608D. 10-420 MHz. $425.00 

Crystal Detectors. HP423A or equivalent. $25.00 

TRM.3 SlgnaI/Sweep Genentor wlth built.in display. 10 to  420 
MHz (actually contains HP-606A). $325.00 

TRANSMITTERS 
PAL-IK, one kilowatt output linear amplifier. 2-32 MHz con- 
tinuous, with al l  power sup lies and manual: unit requires 
only 100.mW drive, uses 8285 final, vacuum-variable tuning. 
complete metering. A real buy . . . $550.00 

GPT-750 Transmitter mfd. by the Technical Material Corp.. 2 
to 32 MHz.  CW/USB/LSB/ISB, one KW to the antenna. 24 
hrs. a day lf you're so ~ncltned - wlth documentatlor!. falr 
condition, built like a battleship. $375.00 

Standard T/T pad mounted in 
a sturdy steel case lncl. 2 vol. 
ume pots & 1 push button 
labeled "Stereo" - Also has 2 
phone jacks for headphones. 
microphone, etc. Will make a 
fine control head. $24.95 

language lab remote control 
system. You draw the ache. 
matic (because there wasn't 

r * u u , a * u a d  

Inductunen, rnfd by Mallory. 6 turn. 4 stage. P/N 446T001. 
Brand New. $25.00 ea. 
Wanted: Cables Accessories Test Set, etc. for RT400/ARC65. 
Especially ~ a d i b  Set controi. C.1210/ARC.21. 

DISC-CAP, 19075 BRAEMORE RD. 
NORTHRIDGE. CA. 91326 213-360-3387 

Cal. Residents - add State Sales Tax. Unfortunately. Disc-Cap 
can only service U. S. customers. 



precision temperature control 
for crystal ovens 

The National LM3911 
temperature-controller lC 

is featured in a circuit 
for precision 

temperature measurement 
and control 

in commercially available 
crystal ovens 

Many amateur stations are equipped with fre- 
quency synthesizers and digital counters. These 
circuits require a highly stable frequency source. The 
most commonly used frequency standard uses the 
100-kHz quartz crystal. Such standards exhibit 
drift with changes in temperature. More recently, 
the trend has been toward the use of high-accuracy 
AT-cut crystals operating in the 4- to 10-MHz range. 
These crystals also exhibit some temperature drift. 
They must be used in a good crystal oven to obtain a 
stability of better than one part per million over 
extended periods. 

Crystal ovens fall into two categories: on-off (or 
bang-bang) and proportional control. In the former, 
a bimetallic strip makes and breaks the heater circuit. 
Most inexpensive ovens used by amateurs are of 
this type. Temperature variations frequently exceed 
g0F (5OC). These ovens are somewhat erratic in 
operation, especially the older units that have worn 
and pitted strip contacts. With proportional control, 
the heater current is continuously and automatically 
varied to maintain constant temperature. 

This article shows how the National Semiconduc- 

v+ 

FEEDBACK 
INPUT 

OUTPUT 

fig. 1. Block diagram of the LM3911N temperature control- 
ler. The pinout diagram is shown as a top view. 

tor LM3911N temperature controller IC can be used 
for precision temperature measurement and control. 
This marvelous little device, selling for under $2.00, 
makes it possible to maintain oven temperatures to 
better than 0.18OF (0.1 OC). The LM3911 N can be 
used to replace the thermostat in an existing oven or 

- 

By Fred Schmidt, K4VA, 3848 Parkcrest 
Drive, N.E., Atlanta, Georgia 30319 
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can be incorporated into an easily and inexpensively 
built oven. 

The LM3911N" consists of an operational ampli- 
fier, zener, and a temperature sensor in an &pin 
plastic DIP. The block diagram, taken from the data 
booklet is shown in fig. 1. The sensor develops 10 
millivolts per degree Kelvin between the positive 
supply terminal on the op amp chip and its non- 
inverting input. 

on-off and proportional control 
Figs. 2 and 3, also from the device instruction 

booklet, show how the LM3911N can be used for 
simple on-off and proportional control respectively. 
In on-off control, the operational amplifier is used as 
-a comparator. When the sensor temperature in- 
creases to the value at which the noninverting input 
voltage is equal to the inverting input voltage, the 
output switches from about 6 volts to a fraction of a 
volt. The output can be used to control oven heater 
current by means of a suitable power transistor. The 
voltage at the inverting input terminal determines the 
temperature at which the output switches. 

The proportional-control circuit (fig. 31 generates 
a square wave at the output terminal. The duty cycle 

'Available from Tri-Tek. Inc., 6522 North 43 Avenue. Glendale, 
Arizona 85301. Specifications and Applications Booklet. $.80 
(also, Radio Shack RS3911. Catalog276-1706, $2.19). 

Installation of tha LMJS11 IC in a commercial oven. 

fig. 2. Circuit for on-off temperature control. 

(ratio of OFF to ON time) is determined by the sensor 
temperature and the voltage at the inverting input 
terminal. Any departure of temperature from the 
desired value causes the duty cycle to change. This 
action is used to change the average heater current 
in such a way as to bring the temperature back 
toward the desired value. Proportioning bandwidth 
refers to the temperature range over which the out- 
put is a square wave. When the temperature is above 
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fig. 3. Circuit for proportional temperature control. 

the bandwidth the output will remain low, and when 
the temperature is below the bandwidth output will 
remain high. The square-wave frequency is deter- 
mined by the time constant R4C1. The frequency 
varies somewhat over the bandwidth and is max- 
imum at the center. 

The complete circuit for proportional control of an 
oven is shown in fig. 4. The 4N30 is a 6-pin dual in- 
line IC containing a light-emitting diode, which is 
optically coupled to  a photo-sensitive darlington 
transistor. It drives a power transistor. The oven 
heater is in the power-transistor collector circuit. 
During the ON intervals of the square wave, the 
power transistor is driven to  saturation. During the 
OFF intervals it is cut off. 

The photo shows how the LM3911N is installed in 
an oven of the ON-OFF variety. The oven is a Bliley 
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TCO-1A surplus unit with a 6.3-volt, 0.85-A heater 
element. The thermostat was unsoldered and 
discarded. 

The LM3911N was cemented to the inverted-U 
copper strip, which is used to conduct heat from the 
heating element to the crystal. The LM3911N die is 
on the base of the package. Therefore, it's important 
that the base be coupled as closely as possible to the 
heat source. 

Pins 4-8 are not used electrically and should be 
bent in such a way as to make contact with the cop- 
per strip to help conduct heat into the package. 
Pins 1-4 are connected to pins in the oven socket. 

testing 
Performance can be checked by connecting a 

voltmeter across the heating element. When first 
turned on, the heater voltage will nearly equal the 
supply voltage. As the oven heats up, the heater 
voltage will go through several damped oscillations 
about a final value of about three volts. (The damped 
oscillation is caused by the thermal lag between the 
heating element and the copper heat conducting 
strip. 1 

The maximum temperature overshoot is about 1 
degree C. Bandwidth control R9 should be set about 
two-thirds of the way down from the end connected 
to the supply line. R1 and R3 should be wirewound or 
metal-film resistors. (Composition resistors have a 
large temperature coefficient and would cause the 
oven temperature to change somewhat with changes 
in ambient temperature.) 

R1 and R3 values can be changed if it's desired to 
operate the oven at a temperature other than 75OC. 
The maximum operating temperature of the 
LM3911 N is 85OC. 

Temperature calibration can be performed by 
drilling a small hole in the metal cover just above the 
crystal socket and inserting a thermometer into the 

TE-AT- 
RK) SET - 

lNCRASE 
311 

T E W V U W  l2 
, , , 

NOTES: 
I ALL RSISTOPS I/Z WAIT a Y R ) S I T I O N .  E X a P l  RI AND R3. W r C M  S*OULD BL 

METAL FlLY OR WIREYWND. 
Z mLLIES Of 91. PZ AN0 P3 I R E  FOR OVEN TEMPERIT(IRE OF 7SC 
I. * Y  SHOULD BE 1-5 MKTS FOR 63 VOLT SVWRVS W E N :  9-,2 U X T S  

F M 1  HDYE BREW W E N  

fig. 4. Complete circuit for a proportional temperature 
control crystal oven. 

oven. The thermometer will take a minute or more to 
reach final temperature. 

hornebrew oven 
If a surplus oven isn't available you can make one 

easily and inexpensively. A homebrew oven offers 
several advantages: 

1. It can be made large enough to  include the 
complete oscillator circuit for enhanced stability. 

2. There is room for an additional LM3911 N for 
temperature measurement. 

3. It can be constructed with very close thermal 
coupling between the heating element and the 
controller to  avoid temperature oscillations 
(hunting). 

The photo shows how an oven can be made with a 
surplus i-f transformer can. The unit measures 1-112 
by 2 by 3-112 inches (38x51x89mm). 

The heating element consists of no. 28 (0.3mm) 
enamelled copper wire wound directly onto the 
aluminum can. The wire should be close wound over 
a length of about 2-112 inches (64mm). After 
winding, check for short circuits to the can then 
paint with Red X Corona Dope (General Cement 

Photo of can inside showing the placement of the LM3911 
Catalog no. 50-21, or with Dipping Varnish (General 

ICs - one for temperature control and the other for tem- Cement Catalog no. 56-21. 
perature measurement. Connections are brought out t o  two screws, 
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which are insulated from the can by fiber shoulder 
washers. The oscillator circuit is built onto a PC 
board, which is held in place by two metal brackets. 
A t  the top of the board is a ceramic trimmer capaci- 
tor for frequency adjustment. A hole in the top of the 
can allows screwdriver adjustment for frequency 
trimming. 

Two LM3911N chips are cemented to the inner 
surface of the can as shown in the photo, The 
second chip is used as an electronic thermometer. 
After assembly, the oven is insulated with two layers 
of styrofoam. A convenient source of this material is 

'the l&ounce (472ml) styrofoam drinking cup. 
In the unit shown, the cold resistance of the heater 

winding is about 6 ohms. The regulated supply for 
the heater should deliver between 9 and 12 volts. 
For a smaller-size can it may be necessary to use 
smaller wire for the heater. A cold resistance of 6 to 
8 ohms is about right. 

thermometer circuit 
The thermometer circuit is shown in fig. 5. Re- 

sistance values are for a 0-1 mA meter and a tem- 
perature range of 70° - 80°C (158-176OF). Other tem- 
perature and meter ranges can be obtained by 
changing the resistance values according to the 
equations in the appendix. It's not necessary to 
install a milliammeter permanently in the unit: a pair 
of terminal posts can be installed to allow tempera- 
ture to be monitored with your multimeter. 

Many AT cut crystals exhibit a turning point in the 
neighborhood of 60°C (140°F). Advantage should be 
taken of this by operating the oven at that tempera- 
ture. The turning point can be found by observing 
the crystal frequency as the oven warms up. If the 
frequency initially drops then starts to  rise, adjust the 
oven temperature to obtain the minimum frequency. 
The oven temperature should be at least 5 O C  above 

.h B~ZRFUR~%Z% ZL 
fig. 5. Circuit of the LM3911N IC as an electronic therrnorn- 
eter. 

maximum ambient in the equipment in which it will 
be installed. 

The performance of either oven leaves little to  be 
desired. Temperature stability is reached in about 5 
minutes. Temperature variation is too small to be 
detected on the thermometer calibrated from 70°- 
80°C (158'-176OF). 
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appendix 
The resistances for the thermometer circuit are calculated by the 

following equations: 

685 - It, = R, - R, 
0 

R ,  = 6k 

R ,  = 500 ohms (61 
where 

A T  =Meter temperature span ldegrees C) 

I, =Meter full scale current (amperes) 

To = 5 + meter zero temperature (degrees KI 

lo =Current through R j ,  R2, and R3 at zero meter current 
luse 0.0001 amperesl 

Notes: 
1. OK = OC + 273. 
2. Resistors should be metal film. 
3. If no thermometer is available for calibration set potentiometer 
to its midpoint. 

The auemblad oven in Its styrofoern jacket. ham radio 
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a ELEMENT-3 RAND 
10-15-20 METER BEAM 
Cushcrafl engineers have incorporated more than 30 years of design 
experience into the best 3 band HF beam available today. ATB-34 
has superb performance with three active elements on each band, 
the convenience of easy assembly and modest dimensions. Value 
through heavy duty all aluminum construction and a price complete 
with 1-1 balun. 

Enjoy a new world of DX communications with ATB-34! 

SPECIFICATIONS 
FORWARD GAIN - 7.5 dBd WIND SFC - 5.4 Sq.Ft. 
FIB RATIO - 30 dB WEIGHT - 42 Lbs. 
VSWR - 1.5-1 WIND SURVIVAL - 90 MPH. 
POWER HANDLING - 2000 WATTS PEP 
BOOM LENGTH1 DIA. - 18' x 2 1/8" 
LONGEST ELEMENT - 32'8" 
TURNING RADIUS - 18'9" COMPLETE 

UPS SHIPPABLE NO EXTRAS TO BUY 

IN STOCK WITH DISTRIBUTORS WORLDWIDE 

C O R P O R A T I O N  

BOX 4680, MANCHESTER, N.H. 03108 



Enjoy the thrill of dependable long distance contacts on 
simplex or thru remote repeaters. The 20 element co- 
linear DX-Array offers a precise pattern with large cap- 
ture area. This vertically polarized, horizontally stacked 
array provides a narrow beamwidth for the discriminating 
FM user. Wide impedance and gain bandwidths make the 
DX-Array a natural choice for the serious FM'er. A verti- 
cal polarization bracket, model DX-VPB, is required 
(support boom and mast not supplied). Seek out new 
horizons with DX-Array! 

I 
SSB/CW - 
Discover reliability in long-haul communications with 
VHF SSB and CW. The Cush Craft DX-Array also gives \ 

\ I 
low angle, high gain performance for many exotic propa- 
gation modes - tropo, aurora, sporadic-E, and meteor 
scatter. Horizontally polarized DX-Arrays may be used 

q<*.. 
singly or combined in pairs (twice Effective Radiated 
Power) or quads (4 x ERPI. Each DXK stacking kit is 

\>& 
\ 

> 
complete with stacking frame and phasing harness . 
(vertical mast not supplied). This year has seen some 
spectacular VHF band openings - Don't miss the next 
onel 

t r --. ---r 

L EME - 
Many VHF experimenters have found excitement in 

' i conquering the formidable Earth-Moon-Earth (EME) 
path. 2-meter moonbouncers have achieved outstanding 
success using eight stacked DX-Arrays. Impedance and 
gain characteristics of this antenna permit stacking 
without the critical detuning problems inherent in large 
arrays of Yagis. Enlarging system size will yield a more 
uniform gain increase with DX-Arrays than with many 
other large antennas. The physical configuration 
alleviates mounting and phasingltuning problems. EME 
enthusiasts are setting new records - So can you! 

Dave Olean, K 1 WHS, with his I 6 0  Element 
DX-Array and Polar Mount EME System DX-ARRAYLEADS THE WAY! 

- 

220 MHz. 
Model: Price: 

432 MHz. 
Model: Price: 

144 MHz. 
Model: Price: I tion: 

XI Element 
DX-Array 

Frame 6 Harness 
I40 E.) 

Frame 6 Harness 
180 El.) 

1.1 52-ot 
Ven. Pol 

120 EI.1 

Im Balun 
. Bracket 

DX4BN $ 

DX-VPB 

XPBN $1: 

X-VPB S( 
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satellite tracking - 
pointing and range 

with a 
pocket calculator 

How to use 
a pocket calculator 

to calculate 
antenna pointing angles 

and range 
for an earth-bound 
or satellite station 

A frequent question in long-distance radio commu- 
nications is where to point the beam. This article 
contains algorithms for RPN pocket calculators to 
calculate distances and headings between stations 
on the earth, and pointing angles and slant ranges to 
an earth satellite or the moon. 

earth stations 
Given the longitude XI (west longitudes are + 

and latitude (north latitudes are + ) of station 1 
(home) and the longitude A;! and latitude 42 of station 
2; the algorithm below* calculates A, the initial 
heading or pointing angle (north reference clockwise 

'These algorithms are based on similar algorithms in my "Algorithms for 
the HP-45 and HP-35," Center for Astrophysics Technical Report, 
Cambridge, Massachusetts, March 9, 1975; and in Appendix A.7  of 
Algorithms for RPN Calculators, to be published by John Wiley Et Sons, 
New York. 

azimuth) from station 1 toward station 2, and D, the 
great-circle distance between stations. 

Alternatively, if X2 and $2 are the coordinates of 
the sub-satellite point and h is the height of a satellite 
over the surface of the earth, then the algorithm also 
gives E, the elevation look angle and r ,  the slant 
range or straight-line distance from station 1 to the 
satellite. If E comes out negative, then the satellite is 
invisible below the horizon. 

On an HP-45 calculator, the longitudes and 
latitudes can be keyed in the format DD.MMSS 
(degrees, minutes, and seconds of arc): 

I [GI {-R) [x-yl [ t l  [Rl l [RI l  [-PI 
[x-yl 

(+I: DD.MMSS) [GI {D.MS-} 1- I [x-yl 
[GI {-R) [RII  [x-yl [RI I  [-PI [x-yl 

I (if negative: 360 [ + I; see A in degrees) 
[R l l  [x-yl [-PI [x-yl 

At this point choose one of the following two 
options: 

A. 69.1 [XI (see D in miles). 
B. (h ,  miles) [ t l  3958 [ + I  [GI {-R) 3958 

[ - I [x-yl [-PI (seer in miles) [x-yl 
(see E in degrees). 

I For an HP-21 calculator, the longitudes and 
latitudes should first be converted to  decimal 
degrees. Select DEG mode, then: 

(42, degrees) [ t l  1 [BI {-R) 
(A1, degrees) [ t I 
(A2, degrees)[-l[x-yIlB1 { -R) [x -y l [ t l  

[RII [RII [BI {-P) [x-yl 
(41,. degrees)[-I[x-yI[Bl{-R)[RIl[x-yl 

[R l l  [Bl {-P) [x-yl (if negative: 360 
[ + I; see A in degrees) [R 11 [x-yl 
[BI { - P I  [x-yl 

By John A. Ball, Oak Hill Road, Harvard, 
Massachusetts 01451 ( M r .  Ball is a radio 
astronomer at the Center for Astrophysics in 
Cambridge, Massachusetts) 
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A t  this point choose one of the following two 
options: 

A. 69.1 I x I (see D in miles). 
B. (h ,  miles) [ t l3958[STOI [ + I  [BI { -R) 

[RCLI l - l [x-yl  [B l  { - P I  (seer in 
miles) [x -yl (see E in degrees). 

For a Corvus-500 calculator: 

($2, degrees) [ENTI [SIN] [y-XI [COSI 
(A1, degrees) [ENTI 
(A2, degrees) [ - 1 [y -XI [INVI [GI { -POL} 

ly-XI IENTI [RI I  IR I I  [GI {-POL) 
[y -x l  

( $ 7 ,  degrees) I- I [y-XI [INVI [GI {-POL} 
lR11 ly-XI [ R l l  [GI {-POL) ly-XI (if 
negative: 360 [ + I; see A in degrees) [R 11 
[y-XI [GI {-POL) [y-XI 

A t  this point choose one of the following two 
options: 

A. 69.1 [XI (see D in miles). 
8. (h, miles) [ENTI 3958 [ + I IlNVI IG1 

{-POL)3958I-I  [y-XI [GI {-POL) 
(see r in miles) [y -XI (see E in degrees) 

On some Corvus-500 calculators, IR 11 is just 11 I, and 
[y-XI is [x-yl. 

If you prefer to work in kilometers (km), change 
the constant 69.1 mileslo to 111.2 kmIo  (this is the 
length of l o  on the earth's surface) and change 3958 
miles to 6370 km in two places (this is the radius of 
the earth). Also change the units of D, h, and r. To 
work in decimal degrees on the HP-45, replace the 
first two appearances of [GI {D.MS- ) by [ 11, and 
drop the last two [GI {D.MS-). On an HP-25 
calculator, use the HP-45 algorithm but change [GI 
{D.MS-) to [g l  { -HI ,  [GI { -R) to [ f l  {-R), and 
[-PI to [gl  { -PI .  This algorithm is approximate 
because it uses a spherical earth and E is not cor- 

note on notation 
Keystroke symbols in brackets (e.g., I + I) are printed on the top 

of the key, those in braces (e.g., { - R J I  on thesideof the key o ron  
the land area above or below the key. [GI  represents an unlabelled 
gold-colored key. IBI an unlabelled blue key, and I I I stands for 
IENTERII. The symbol :/ is analagous to a musical repeat symbol 
and means loop back to the last preceding colon ( : I  not in par en^ 

theses. Parameters to be keyed or read and comments or optional 
sequences are in parentheses. 

The symbol DD.MMSS means degrees, minutes, and seconds of 
arc, with two digit locations for each. The decimal point after DD 
must be keyed. Any diglts following SS will be taken for a decimal 
fraction of a second. Similarly HH.MMSS means hours, minutes, 
and seconds of time. Use lCHSl for negative numbers. For example 
- 5.420202 would mean - 5°42'02."02 with DD.MMSS or - 5h42m 
0232  with HH.MMSS. For details, see the instruction booklet with 
the calculator. 

rected for refraction (which can be as much as % O). 

Example. XI = 71 O03' = 71.005, dl  = 4 2 O 2 2 '  = 42."367 
(Boston), A2= 74O, $2=40042' =40P7 (New York 
City); get A=234O (southwest by west), D= 191 
miles away. If a satellite is 900 miles directly over 
New York City, then r=925 miles and E=75O as 
seen f rom Boston. I f  A 2 =  70°40' =70P667, 
$2= - 33O 25' = - 33.417O (Santiago de Chile on the 
west coast of South America); get A = 179.07 (slightly 
east of south) and D =  5237 miles from Boston. 

As an exercise, compare the distance from Los 
Angeles to  London with the distance from Los 
Angeles to Rio de Janeiro. 

the moon and other 
celestial objects 

This algorithm, slightly modified, also gives 
pointing angles for the moon. Substitute the local 
sidereal time T for A2, the moon's right ascension a 

for A1, and the moon's declination 6 for $2. Multiply 
by 15 to change the units of a and T from hours to 
degrees. For the moon, h should be about 235,000 
miles, but an error of less than lo in E comes from 
taking h =  oo. With  these changes, the HP-45 
algorithm becomes: 

(6: DD.MMSS) [GI {D.MS--) 1 [GI {-R) 
(a: HH.MMSS) [GI {D.MS-) 
(T: HH.MMSS) [GI {D.MS-) [ - I  15 [XI 

[x-yl  [GI { -R) [x-yl  Ill I R i l  [R I I  [-PI 
[x-yl 

($1: DD.MMSS) [GI {D.MS-) [ -  ] [x-y] [GI 
{ -R }  [RI I  [x-yl [ R l l  [-PI [x--yl (if 
negative: 360 [ + I ,  see A in degrees) [R l I 
[-PI [x-yl  (see E in degrees). 

For an HP-21, a and T should first be converted to 
decimal hours, and 6 and to decimal degrees, 
then: 

(6, degrees) [ ! I  I [Bl  { -R}  
(a, hours) I I I 
(T, hours) [ - 115 1x1 [x-yl 161 { -R}  [x-yl 

[ I1 [ R l l  [ R l l  [B l  { -P)  [x-yl  
(61, degrees) [ - I  [x-yl [BI { -R) [ R l l  [x-yl 

[ R l l  IBI { - P I  [x-yl (if negative: 360 
[ + I ;  seeA indegrees) [RI I  [Bl  { - P I  
[X -yl (see E in degrees). 

For a Corvus 500: 
(6, degrees) [ENTI [SIN] [y-XI [COSI 
(a, hours) [ENTI 
(T, hours) I - I 15 [XI [y -XI [INVI [GI 

{-POL} [y-XI [ENTI [RI I  [ R l l  [GI 
{-POL} [y-XI 

($1, degrees) [ - I [y -XI [INVI [GI {-POL) 
[RI I  [y-XI [RI I  [GI {-POL) [y-XI (if 

february 1978 41 



HP-25 Program HP-25 Program 

fig. 1. HP-25 program to calculate antenna pointing angles fig. 2. HP-25 program to calculate antenna pointing angles 
for the moon or other celestial objects. and range for earth satellites. 

negative: 360 [ + I; see A in degrees) [R ll S is the Greenwich sidereal time on January 0.0 of 
[GI {-POL) [y-XI (see E in degrees). the indicated year, and is in the AENA. For an HP-21, 

key GMT in decimal hours and delete the following: 
This is a general pointing algorithm for any distant 

[GI {D.MS-}; key X1 in decimal degrees and replace 
celestial object. The a and 6 of the moon and other 

the following: [GI {D.MS-) by [I]; and delete the 
objects are in The American Ephemeris and Nautical 
Almanac or AENA.l 

final [GI {-D.MS) and see T in  decimal hours. For a 
Corvus 500, follow the HP-21 scheme but replace [ I 1  

sidereal time by [ENTI and [x-yl by [y-XI. The precision of this 
algorithm is about + 1 second. A sidereal clock runs 

If your shack is not equipped with a sidereal clock, 
the AENA shows how to  calculate T, or on one day per year or 3m57s per day faster than an or- 

an HP-45: 
dinary clock. 

(Day-Number) [ I  124 [XI [I I [I1 
(GMT: HH.MMSS) [GI {D.MS-) [ + I  

1.0027379 [XI [x -yl [ - 1 
(A1: DD.MMSS) [GI {D.MS-) 15 [ + I  [-I 

(S, hours) [ + I (if negative: 24 [ + I, if greater than 24: 
24 1 - I )  [GI {-D.MS) (see T in  HH.MMSS). 

Day-Number means day of the year, GMT is Green- 
wich mean time or universal time (UT), and S is from 
the table below. 

Year, AD 

1976 
1977 
1978 
1979 
1980 
1981 
1 982 
1 983 
1984 

S, hours 

6.5865 
6.6363 
6.6204 
6.6044 
6.5885 
6.6383 
6.6224 
6.6065 
6.5906 

Example. On 1976 December 25 (Day-Number = 

360) at GMT = 2lh, the moon was at a =22h25m 
375564. 6 = - 5O21'33."33 (from the 1976 AENA, 
page 187). The local sidereal time at Boston was 
T=22h33m46s, and the moon was visible at  
A = 182P7 (almost south), and approximately E=42O 
(just under halfway from horizon to zenith). 

The program in fig. 1 combines the celestial 
pointing and sidereal-time algorithms for the HP-25. 

Key in the program, then initialize: 

a :  HH.MMSS) [gl { - H I  15 1x1 [STOI 1 
(Aa, seconds1 hour) [ t I 240 [ t I [ST01 2 
( 6 :  DD.MMSS) [gl { - H I  [STOI 3 
(A6, arcseconds1 hour) [ I  I 3600 [ + I [ST01 4 

DD.MMSS) [gl { - H I  [STOI 5 
(S, hours) 1 I I 15 [XI 
(A1: DD.MMSS) [gl { - H I  [ - I  15.04106864 

[ST01 6 [ + I 
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(Day-Number) It 124 [X I  [ + I ISTOI 7 [ f l  {PRGM) 
Calculate: (GMT: HH.MMSS1 IRIS1 (see E in 

degrees) Ix-yl  (see A in degrees) : I .  
If A is negative, you may want to add 360°. For this 
program, a is the right ascension on the hour, Aa is 
the change in cr in one hour, 6 is the declination on 
the hour, and A6 is the change in 6 in one hour. 
Don't forget minus signs ICHSl where needed. The 
rates Aa and A6 are called first differences and are 
tabulated for the moon in the AENA. 

This program interpolates linearly through the 
hour; a and 6 should be for the preceding hour. For a 
planet such as Jupiter, tabulated daily rather than 
hourly in the AENA, change the [g l  (FRAC) in lines 
03 and 15 both to lg l  {NOP) and key a and 6 for Oh, 

The tabulated first differences in this case need to be 
divided by 24 to get the right units (per hour rather 
than per day). Jupiter is an interesting object for 
amateur radio astronomy. For a star with constant CY 
and 6, set Aa and A6 to zero. 

Example. Repeat the preceding test case on the 
moon but for GMT = 21 h20m. From the 1976 AENA, 
Aa = 122~767 and A d =  6151'44. Get A = 189.Z0 
( A  = - 170.78+360= 189.2Oand E=41.g0). 

satellites 
Given g, a satellite's period in minutes of time; 1, 

the inclination in degrees of the satellite's orbit to  the 
equator; 7, the time since an ascending node (north- 
bound equator crossing) in minutes; and lo, the 
longitude of the ascending node ( 7  = 0) in degrees; * 
the HP-45 algorithm below2.3 calculates X2 and 42 for 
the satellite: 

(7, minutes) It1 [ l  I (g, minutes) I - I 360 [XI 
111 [SIN] 

(1, degrees) lx-yl  [GI { - R )  lx-yl [GI 
{SIN - 1 )  (see d2 in degrees) 
IR11 [x-yl ICOSI [-PI I R l I  [x-y 141+I  
I- I 

( lo ,  degrees) [x -yl I - I (see A2 in degrees). 

This algorithm is approximate because it uses a cir- 
cular orbit; h is taken to be constant. 

For an HP-21, select DEG mode, change [GI to IBI 
and change [ -PI  t o  IBI  { -P I .  For an HP-25, 
change [GI to lg l  or If], ISINI to [ f l  {sin), [COSI to 
[ f l  {cos), and I - PI to [g l  { - P). For a Corvus 500, 
change [ f l  to 1 ENTI, IX -~ I  to [y-xl, [GI (SIN-')  

'The orb~tal elements of Oscar satellites are available from AMSAT, Posr 
Office Box 27, Washington, D.C. 20044. For Oscar 7: e = 114.95 minutes. 
r = 101.7 degrees. h = 908 miles. e = 0.001; but these numbers change slow- 
ly with time. Also see the Satellable available from Ham Radio's Communi- 
cations Bookstore, Greenville. New Hampshire 03048. For other satellites, 
see Satellite News. 12 Barn Croft. Preston PRl OSX, England. 

1 (MINUTES) 

fig. 3. Azimuth, range, and elevation for Oscar 7 orbit 10590 
as seen from Boston. 

to [INVI [SIN], [-PI to [GI {-POL), and [GI { - R }  
to [INVI [GI { -POL). These algorithms are also easy 
to convert for the HP-19, HP-27, HP-29, HP-46, 
HP-55, HP-65, HP-67, HP-91, HP-97, HP-9815, 
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summary of symbols 
Station 1 is normally home: station 2 is sometimes a subsatellite point. 

A heading (north reference clockwise azimuth) from station 1 
toward station 2 or toward a celestial object. A =O is north, 
A = 90° is east. A = 180" is south, and A = 270' IS west. 
Negative A means counterclockw~se, so A = -90' is also 
west. 

r speed of light; c =  11,177,000 mileslminute. 
D great-circle distance from station 1 to statlon.2. 
Day-Number day of the year (GMT) available on some desk calendars. 
E elevation look angle from station 1 toward a satellite or 

celestial object. E =  90° is straight up toward the zenith, E =  0 
is the horizon, and negative E means that the object is in- 
visible below the hor~zon. 

e eccentric~ty of a satellite's orbit; e=O is a circle. 

I' frequency. 
GMT Greenwich mean time or universal time (UT or UTC). 

Ephemeris time differs from GMT by about 48 seconds. 
h height of a satellite over the surface of the earth. 

%I the average h over an orbit. 
I inclination angle of a satellite's orbit to the equator. 
I slant range or straight-line distance from station 1 to a 

satellite. 

National Semiconductor 4640, APF Mark 55, and 
Omron 12-SR calculators. Converting for non-RPN 
calculators is more difficult. 

The program shown in fig. 3 combines the satellite 
and pointing algorithms for the HP-25. Key the pro- 
gram, then initialize: 
(Ao, degrees) [ t l  (A1, degrees) I - 190 I + I ISTOI 1 
(4,, degrees) ISTOl 2 (e, minutes) I t 1  1440 1 - 1  
[ST01 3 180 I t 1  (1, degrees) I - I [ST01 4 3958 ISTOI 
5 (h, miles) [ + I [STOI 6 [ f l  {PRGM} 
Calculate: (T, minutes) [RISI (see A in degrees) 

[ R l l  (see r in miles) IR 1 1  (see E in 
degrees) : I .  

If A is negative, you may want to add 360'. The con- 
stant 1440 is the number of minutes in a day. 

Example. Oscar-7 orbit 10590 on March 10, 1977, 
T =  14m (wh ich  corresponds t o  GMT=OOh08m 
+ 14m=00h22m), e =  114!%45, i= 1017, b=5405, 
h = 908 miles; get $2 = 42.071, X2 = 69.002, A = 76O, 
r=916 miles, and E=82O, almost overhead as seen 
from Boston. 

Fig. 2 shows A, r, and E as a function of T for this 
orbit over Boston. For a pass almost overhead such 
as this, A is nearly constant except for a couple 
minutes around closest approach. The slope u of the 
r curve is the Doppler velocity (in miles per minute) 
and can be calculated by subtracting two ys a minute 
apart. The largest possible u is 2a(h + 3958 miles)Ie 
or about 266 mileslminute for Oscar 7. Convert u to a 
Doppler frequency shift using Af = - fu/c, where f is 
the frequency, Af is the shift in frequency, and c is 
the speed of light (c= 11,177,000 mileslminute). The 
Oscar-7 beacon at 145.975 MHz, for example, shifts 
as much as 0.00347 MHz and so appears somewhere 
between 145.972 and 145.978 MHz. 

When the satellite is approaching, u is negative, Af 

Greenwich sidereal tlme on January 0.0 (tabulated in the 
article). 
local sidereal tlme at station 1. 
Doppler velocity of a satellite relative to station 1. 
right ascension of a celestial object. 
declination of a celestial object. 
change in f due to a Doppler shift. 
change in a per unit time (first difference). 
change in 6 per unit time (first difference). 
longitude of the ascending node at 7=0 in a satellite's orbit. 
West longitudes are positive ( + ), east longitudes are either 
negative ( - ) or greater than 180". 
longitude of station 1. 
longitude of station 2 or a subsatelllte point. 
3.1415926536. 
period ( t ~ m e  for one complete orbit) of a satellite. 
time since an ascending node (northbound equator crossing) 
in a satellite's orbit. 
latitude of station 1. North latitudes are positive ( + ), south 
latitudes are negative ( -  ) .  

latitude of station 2 or a subsatellite point. 

is positive, and the beacon appears at a higher fre- 
quency; when the satellite is receding, u is positive, 
Af is negative, and the beacon appears at a lower fre- 
quency on the dial. If you are working through a 
repeater on a satellite, then two different Doppler 
shifts need to be calculated and added. 

Kepler's third law relates Q and ha, the average h, 

(e, minutes) I t ]  1x1 8720351 1x1 3 l l l x l  [GI { ~ x )  
3958 I - I (see ha in miles). 

The first number is Kepler's constant for the earth, 
8,720,351 miles3lminute2. With a circular orbit, ha 
and h are the same. For Oscar 7 with e = 114m945, 
get ha = 908 miles. 

accuracy 
These algorithms employ several approximations 

that cause inaccuracies in the answers. The earth's 
eccentricity causes an error up to 0.2 per cent (2 
miles in 1000 miles) in D. The eccentricity of a 
satellite orbit has two effects: first, h is not constant. 
The maximum variation in h is e(3958 miles +ha) 
where e is the eccentricity and ha is the average h. So 
if e = 0.01 and ha = 925 miles, then the variation in h is 
49 miles and h varies from 876 to 974 miles. 

Another effect of e is on the speed of the satellite, 
which can be as much as about e e l %  ahead or 
behind in the orbit compared to a circular orbit. If 
e = 0.01 and e = 115 minutes, then the satellite can be 
up to 0.37 minutes early or late. Also the "4" in the 
orbital algorithm, which converts T from minutes of 
time to degrees, should be 411.0027379 = 3.9890783 
because the earth's rotation speed is one degree per 
4 sidereal minutes. The error due to using 4 is 
noticeable only for large T. 

Finally, the orbital elements of earth satellites 
change slowly due to influences such as the sun and 
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moon, air resistance, and the uneven distribution of 
mass in the earth. For Oscar 7, the orbit regresses 
just about enough to cancel the error caused by 
using 4 minutes per degree; such orbits are called 
sun-synchronous. 

I wish to thank George Rybicki for showing me the 
spherical-trigonometry trick used in these algor- 
ithms; Dick Ellis, W5YCK, for helping research arti- 
cles on Oscar satellites; Tom Bates and Fritz Mans- 

velt-Beck for loaning me their calculators; and R.C. 
Vanderburgh for sending me copies of his programs. 

references 
1 The Ameftcan Ephen~erts andNau7ical A l t ~ ~ a r ~ a c .  U S. Government Pr~nt 
Ing Off~ce. Wash~ngton, D C 20402, publ~stled each year 

2 P D. Thompson, Jr . "A  General Techn~que for Satell~te Track~ny." 
OST, November. 1975. page 29 
3 Spenal/zed Techrltques for the Radto Afrlateur. AR R L. New~ngton. 
Connect~cut. 1975, page 208 

appendix 
RPN portable calculators 

The table below lists all the available or recently available RPN 
portable calculators. The algor~thms in this article can be easily 
converted to work on any calculator that has "yes" in the R-P 
column in this table. Non-RPN calculators are not listed; they are 
awkward for this type of problem. 

The Corvus 500, the APF Mark 55, and the Omron 12-SR are in- 
ternally identical, but the Corvus 500 has a better keyboard and 
case. The instruction booklet with the Corvus 500 is very poor; if 
you have this calculator, you should also get the book Everything 
You've Always Wanted to Know About RPN bur were Afraid to 
Pursue - Comprehensive Manual for Sc~entrfic Calculators 
available for $7.50 plus postage from T K .  Enterprises. 16611 
Hawthorne Boulevard, Lawndale, Cal~fornia 90260. This book 
does not live up to its name and is not as good as the instruction 
books with HP calculators, but is the best book available for the 
Corvus 500, APF Mark 55, and Omron 12~SR 

Table 1. List of portable calculators which use RPN architecture. 

manufacturer 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

National Semiconductor 

National Semiconductor 

National Semiconductor 

National Semiconductor 

National Semiconductor 

Corvus 

APF 

Omron 

"No longer available 

model 

HP-19C 

HP-21 

HP-22 

HP-25 

HP-25C 

HP-27 

HP-29C 

HP-35" 

HP-45' 

HP-55" 

HP-65" 

HP-67 

H P-70' 

HP-80 

HP-91 

HP-92 

HP-97 

Novus 4510 

Novus PR451514615 

Novus 4520 

Novus PR4525 

NS 4640 

500 
Mark 55 

12-SR 

stack 
of 
4 

For an HP calculator, you should get the appropriate HP ap- 
plications book. Some dealers w ~ l l  throw these in with the 
calculator; otherwise they are about $10 from Hewlett-Packard, 
19310 Pruneridge Avenue, Cupertino, California 95014. Some HP 
calculators have several such books. 

Generally speaking, HP calculators are better made and will 
probably last longer than the others in this table. Don't overlook 
the possibility of finding a used or surplus calculator of a model 
listed as no longer available. 

"Start extravagant, and you'll never finish. Get the cheap tool 
first, see if ~t feeds your life. If it does, then get a better one. Once 
you use it all the time, get the best. You can only grow into quali- 
ty. You can't buy it." 

from The Lasr Whole Earth Catalog 

scientific 
notation 

yes 

yes 

number of 
storage 
registers 

30 

1 

10+5 

8 

8 

10+5 

30 

1 

9 

20 

9 

26 

2 + 5  

1 

16 

30 

26 

1 

1 

1 

1 

3 
9 

9 

9 

number of 
program 

steps 
98 

0 

0 

49 

49 

0 

98 

0 

0 

49 

100 

224 

0 

0 

0 

0 

224 

0 

100 

0 

100 

0 

0 

0 

0 

R-P  D . M S  
yes yes 

yes no 
no no 

yes yes 

yes Yes 

yes yes 

yes yes 
no no 

yes yes 

yes yes 

yes yes 

yes yes 
no no 

no no 

yes yes 
no no 

yes yes 
no no 

no no 

no no 

no no 

yes yes 

yes no 

yes no 

Yes no 
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high-impedance preamp 
and pulse shaper 

for frequency counters 

Simple circuit for 
improving your counter 

from dc to 
over 60 MHz using 

readily available devices 

Many o f  the inexpensive frequency counters on 
today's market, as well as some of those built by 
homebrew enthusiasts, could use some improve- 
ment i n  the preamp and pulse-shaper circuit 
(sometimes called the trigger circuit). This is the cir- 
cuit that brings the input signal waveform to TTL 
level (3.5 volts peak-to-peak). Often counters poten- 
tially capable of counting to 40-50 MHz don't pro- 
duce best results because of an inefficient input cir- 
cuit. On the other hand, if the trigger works fine at 
high frequencies, it shows some limitation in squar- 
ing low-frequency signals. Kritterl solved this prob- 
lem by using two pulse shapers in his frequency 
counter. Although this approach is quite satisfac- 
tory, it can be impractical and expensive. 

The circuit we're going to  examine can process 
any frequency between dc to  over 60 MHz, providing 

at the output a perfect square wave at TTL level. 
Furthermore, it's not very expensive, because it uses 
transistors and ICs available at most discount outlets. 

circuit description 
The input circuit (f ig. 1) is a balanced amplifier 

using two field-effect transistors. For dc stabililty, 
the stages are dc coupled. These fets must be 
selected for the same ID,.;! The absolute ID, value 
isn't critical but must be nearly equal for the two 
devices. 

The first stages are source followers, so the input 
impedance is extremely high. At  low-input signal 
levels, when the two back-to-back protective diodes 

' don't conduct, overload protection is provided only , by the 2.2-meg polarization resistor. It would be 
possible to increase the input impedance even more 

' 
by increasing this resistor value or by using bootstrap 
polarization. However, I felt that this value was more 
than adequate for amateur purposes. 

The input stage drives a 733 IC which, according 
to reference 3, is a differential video amplifier with a 

Top view of the counter preamp PC board showing com- 
ponent layout. 

bandwidth of over 100 MHz. The gain of this ampli- 
fier is selectable by proper connection of pins 3, 4, 
11, and 12 (the DIP package). 

Three different gain values are possible without 
adding external components: x10, x100, and x400. 
The last has been chosen for this application. Even if, 
in this case, the amplifier bandwidth is reduced 

By Giuseppe Beltrami, I4YAF, Via Meloni 39, 
1-41012, Carpi, Italy 
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1 1 = 5.5V 

fig. 1. Input circuit for improving inexpensive counters. Circuit requires a dual-polarity supply that delivers at least 63 mA. 

slightly, it remains well over 50 MHz - more than 
sufficient for our use. 

A 2N709 switching transistor follows the preampli- 
fier and squares the signal. If you want to reach the 
maximum frequency that the pulse shaper can han- 
dle, this transistor is-highly recommended. It's fast. 
Some attempts that have been made to use other 
types of transistors (for example, 2N914, 2N2368) for 
processing 60-MHz signals haven't been very satis- 
factory. So I highly recommend the 2N709 if you 
don't want problems. Of course, I haven't tried all 
the available switching transistors, so there are many 
substitution possibilities if you like to experiment. If 
you have some computer transistors, try them; you 
might obtain even better results. 

The last stage is quite conventional. It is a TTL 
translator using two sections of a high-speed quadru- 
ple NAND gate (type 74H00). For this application I've 
tried several ICs made by different manufacturers. 
Those that gave the best results were a Texas Instru- 
ments SN74H00 and a National Semiconductor 
DM74H00. I also tried some Schottky devices 
(74S00). Al l  performed well, even at  higher 
frequencies. 

The circuit requires a supply that delivers plus and 
minus 5 volts. Without an input signal, the input 
transistor drain current is 18 mA from the negative 

side and 45 mA from the positive side, which in- 
creases to 63 mA with a strong input signal. Tests 
showed that the circuit was not too sensitive to an 
unregulated supply, so the filtering doesn't have to 
be elaborate. Of course devices such as the 320- and 
340-series voltage regulator ICs can be used to solve 
a power-supply problem at a reasonable price. The 
only recommendation is to avoid any possibility of 
false counting by bypassing the positive supply as 
closely as possible to pin 14 of the TTL IC. 

construction and alignment 

our- 

The prototype was constructed on a 3 x 1.5-inch 
(8.2x4cml board (fig. 21. The component layout 
shown in fig. 28 is slightly different from that in the 
photo because of some improvements made after 
the photo was taken. The second trimmer resistor on 
the PC board was a former polarization control for 
the level translator, which was disconnected after 
some tests. 

The only alignment required for the circuit is the 
regulation of the trimmer pot, R1. With the counter 
connected at the output and a signal source (grid-dip 
meter or signal generator) at the input, adjust R1 for 
maximum sensitivity at the highest measurable fre- 
quency. With proper alignment, the input sensitivity 
must be better than 100 mV in the range from a few 

fig. 2. Circuit-board layout and componentarrangsment for the counter preamp. 
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MHz to at least 40 MHz, decreasing to about 150 mV 
at the lower (DC) and upper limit (66 MHz in the 
prototype). 

counter improvements 
Some counters using 7400-series ICs may not 

cover frequencies higher than 30 MHz. It's now time 
to update them using faster ICs provided by modern 
technology. Substitute the input gate of the counter 
(it may be a 7400 or a 7410, perhaps a 7420) with the 
Schottky TTL equivalent: 74S00, 74S10, or 74S20. 
The substitution was direct and required no wiring 
change. Then substitute the first decade divider 
(7490) with the faster type 74196 or 74S196. Here the 
connections are different, so you must have a little 
patience and, following the schematic of fig. 3, 
make the modifications needed on the PC board. The 
74196 IC requires a reset pulse inverted with respect 
to that required by the 7490. If you have an unused 
NAND or inverter circuit in one of the other ICs, use it 
to invert the reset pulse; otherwise use one of the 
two NAND gates not used in the pulse-shaper circuit. 
With these simple modifications, your frequency 
counter can now display at least 50 or 60 MHz. Don't 
forget that some ICs are now available that permit 
scalers for GHz frequencies. With a pair of these ICs 

fig. 3. Pin layout for the74196 decade divider, which may be 
used in your counter for faster response. Modifications 
shown must be made on the PC board. 

and your improved counter, it will be possible to 
make precise measurements well into the microwave 
region. 

references 
1. W.  R .  Kritter, DLETM, "A Dual-Input Preamplifier with 2:l Prescaler for 
Frequency Counters from 1 Hz to a Minimum of 100 MHz." VHF Com- 
munfcations. May, 1973, page 91. 
2. C. Hall, WA5SNZ. "New FETs Simplify Bias Problems," ham radio, 
March, 1974. page 50. 
3. "Llnear Integrated Circuits," National Semiconductors. August, 1973, 
pages 5-57. 

ham radio 

If you have registered within the last 
3 years you will receive a program and 
information brochure in March. 

Admission $ 3 in advance. $4 at the door. 

Start with more exhibit and flea market 
space than before. Then: informative 

For special hotellmotel rates and 
reservations information write to above 

programs transmitter hunts total address. Inquiries: call 513-854-4126. 
value of prizes exceeds $15.000. 

Top it all off with the Grand Banquet. 
See you at  the world's 

Saturday evening April 29. largest Ham Convention! 
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wide-range 
capacitance meter 

A portable 
test instrument 

that combines three modes 
of capacitance testing 

using just 
a few components 

Here's an  instrument for the experimenter that 
combines three modes of capacitor testing into a 
portable unit, which uses readily available devices: 
two 555 timer ICs, a 2N5484 fet, and a CA3140 
operational amplifier. 

features 
With the instrument described you can apply a 

polarized voltage of a few volts to the capacitor 
under test, one side of which is grounded. A single 
un regu la ted  9 - v o l t  p o w e r  supp ly  is  used.  
Capacitance readout is linear. 

Three testing modes are available: low capacitance 
(to 1 pF), high capacitance (to 2500 pF), and a 
logarithmic indication of the test-capacitor leakage 
current with up to 8 volts applied. Let's take a look at 
the circuit (f ig. 1). 

low-capacitance measurement mode 
(to 1 pF) 

U1, an NE555, operates as a clock, which provides 
negative-going pulses at about 350 per second to 

trigger U2, also an NE555. This action unclamps the 
test capacitor, allowing i t  to  charge through a 
switch-selected resistor, until i t reaches half the sup- 
ply voltage. A t  this point U2 resets, discharging the 
capacitor through pin 7. During the charging period, 
U2 pin 3 is high (about 8 volts), and the duration of 
this high state is directly proportional to the test 
capacitance. 

The resulting rectangular waveform can be used to 
drive a I -mA meter directly through a 5k trimpot for a 
simplified circuit. In this instrument, the high signal is 
attenuated to 0.6 volt across silicon diode CR1 at the 
noninverting input of U3, a CA3140 op amp with mos 
input. U3 operates as a unity-gain buffer, which 
feeds the meter through calibrating trimpot R6. 
Meter deflection is proportional to the average value 
of the rectangular waveform output from U3 and is 
therefore proportional to the capacitance. 

Supply voltage is noncritical because: 

1. U1 clock frequency is, for practical purposes, in- 
dependent of voltage. 

2. The reset level of U2 pin 6 is at one-half the sup- 
ply voltage, which compensates for voltage-change 
effects on the charge rate of the test capacitor 
through the switched resistors. 

3. CR1 operates as a simple regulator, limiting the 
high signal input to U3 to 0.6 volt. 

With no test capacitor applied to the circuit, about 
30 pF of internal capacitance exists at U2 pins 6 and 7 
(plus strays). To prevent this capacitance from caus- 
ing a substantial residual reading on the lower 
ranges, a negative capacitance is used to cancel the 
internal capacitance. This unlikely device is simulated 
by C3, a 100-pF capacitor, which is connected not to 

By P. H. Mathieson, M.I.E. Australia, JAARS, 
Box 248, Waxhaw, North Carolina 28173 
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ground but to Q l lQ2  output, which has a small 
positive voltage gain and a low output impedance. 
The current through C2 is equal and opposite to that 
through the residual 30-pF capacitance. 

To calibrate, use a known accurate capacitor giv- 
ing a high deflection on the 0.01 or 0.1 pF ranges. 
First adjust negative-capacitance trimpot R1 so that 
the source of Q1 is at the top end of R1. Then 
calibrate by adjusting R6. There may be a small 
residual zero error caused by the minimum pulse 
width from U2, which can be offset by the addition 
of R7, a 470 k in my instrument. Now switch to the 
100-pF range with a known capacitor of 10-20 pF 
connected and adjust negative cap trimpot R1 until 
the meter reads the correct value, showing that the 
strays have been cancelled. The readings are then 
accurate to a few pF. 

high-capacitance measurement mode 
(to 2500 pF) 

This mode uses a single-shot method. U1 is not re- 
quired. When +9 volts is switched on, U2 is triggered 
by the momentary low on pins 2 and 4 caused by the 
uncharged capacitor, C2. As in the previous mode, a 
high of 0.6 volts is applied to the noninverting input 
of U3 until the capacitor under test is charged to half 
the supply voltage. During this period, U3 behaves as 
an accurate integrator using low-leakage capacitor 
C4 in the feedback loop. A t  the end of the high input 
period, U3 output voltage will be proportional to the 
duration of that period and therefore to the test 
capacitance. 

Accurate high-value capacitors are difficult to find, 
so calibration using trimpot R5 is best done with 
values around 1 pF. Leakage resistance of the test 
capacitor extends the charging time, causing a false 
high reading. 

After the integrating period the meter should re- 
main stationary while the reading is taken. If drift is a 
problem (assuming feedback capacitor C4 is not 
leaky) it may be minimized by correcting the offset in 
the U3 input stage. Try a 10k resistor R3 from U3 pin 
1 or 5 to  ground and adjust for minimum drift. 

leakage mode 
This mode produces a logarithmic indication of the 

test capacitor leakage current with up to 8 volts ap- 
plied. The lower end of the capacitor is disconnected 
from the supply minus, and the leakage current now 
flows through limiting resistor R8 and diode CR1. 
The voltage across CR1 bears an approximately loga- 
rithmic relationship to the current flowing through it. 
U3 is again used as a unity-gain buffer, and trimpot 
R4 is set to produce full-scale deflection with a short 
circuit across the test terminals. U1, U2, and the neg- 
ative capacitance amplifier are disconnected from 
the negative supply line. 

Electrolytic capacitors that have remained unused 
for some time can be reformed in the leakage test 
mode before their capacitance is measured. 

The logarithmic readout can be interpreted by 
observing the readings obtained w i th  known 
resistors across the test terminals, ranging from a 
few kilohms to hundreds of megohms. 

CLOCK TIMER 
NEGATIVE BUFFER 

CXPACITANCE INTEGRATOR 

fig. 1. The three-mode capacitor tester. Circuit features linear readout and common devices. Author's original was built on perf 
board but with a little ingenuity an etched board could be used. See table 7 for switch configurations and positions. 



table 1. Switch arrangement for the portable capacitance I 
meter. 

switch configuration position 
S l  3-pole, 3-position. A Ilow-capacitance model 

2 section B Ihigh-capacitance mod.) 
C (leakage model 

modeA mode B rnodeC 
S2 1-pole. Sposition pF SF 

A 0.0001 0.25 
B 0.001 2.5 
C 0.01 25.0 
0 0.1 250.0 
E 1.0 2500.0 leakage 

S3 SPST ltestl 

The capacitance ranges are in steps of 1:lO. In- 
termediate ranges are most economically obtained as 
follows. In mode A, (table 1) switching to  a larger 
clock timing capacitor, C1, wil l  permit larger 
capacitances to be read on scale. In mode B, switch 
resistor R2 to a higher value, which slows the in- 
tegrating rate and thus allows a greater full-scale 
capacitance reading. Ten-thousand pF is probably a 
practical limit because of leakage. 

Use accurately scaled values for the switched 
range resistors connected to S2 for best accuracy. 

construction notes 
The CA3140 op amp was chosen because of its 

very high input impedance and because both inputs 
and the output can be swung down to the negative 
supply line, eliminating the need for a separate 
negative supply. The positive supply may be varied 
from +6 to  +12 volts with little effect on calibration. 
Current drain is 20-30 mA for capacitance meas- 
urements and a few mA for leakage measurements. 

The original circuit was built on matrix board with 
the layout approximately following this schematic. 
Because fast rise times are involved, several 0.01 pF 
bypass capacitors are included on the board, and 
leads should be kept short and neat. The op amp is 
Zener protected - keep a shorting ring around the 
pins while soldering! If a shorting-type wafer switch 
is used for S1, insert a 470-ohm current-limiting 
resistor in series with U2 pin 3. 

The test points can be alligator clips on shon flexi- 
ble leads fed through grommets in the front panel. 
Take care to minimize stray capacitance to ground 
from the plus test point. 

Finally, never apply reversed power-supply voltage 
to the circuit unless you want to buy three new ICs. 
A reverse-biased 1-amp diode across the 9-volt sup- 
ply will provide protection. 

ham radio 

G.E. T.P.1. 
SPECIAL 

FE53JA6. FRONT 
MOUNT, 150-170 
MHz, 12 volt, 35 watts, 
fully solid state re- 
ce iver ,  4 tubes  i n  
transmitter,sold LESS 
accessor ies ,  n o t  
bench tested 

(early model) . . . . . . . . . . . . . . . . . $35.00 



solid-state vhf-uhv 
transmitlreceive switch 

New PIN diode device 
provides good isolation 

and low vswr 
at frequencies 

up to 1000 MHz 

Microwave Associates recently introduced a 
solid-state TIR switch for vhf-uhf applications. The 
device, designated the MA8334, makes use of PIN 
diodes in a hybrid rf circuit which is small and easy to 
use. This spdt switch is rated at 50 watts CW and has 
a nominal 50-ohm impedance. Frequency of opera- 
tion is from 20 to 1000 MHz. Specifications list 
typical insertion loss at 0.2 dB with 1.2:1 vswr from 
20 to 500 MHz. 

After evaluating the MA8334 on the test bench, I 
decided to replace the conventional relays in a solid- 
state 2-meter transverter I had recently built. The cir- 
cuit of fig. 1 was used. To operate a switch path, 
approximately 50 mA forward bias is applied; 
removal of the bias releases the switch path. 
Capacitors C1 and C2 provide isolation of the dc bias 
and the rf source feeding the switch. These 
capacitors should have low rf loss and be able to han- 
dle the power used. I used button micas in my 
design. The inductance of the rf choke is not critical, 
and anything around 3 pH should work satisfactorily. 
Capacitors C3 and C4 are feedthrough bypass types. 
The 220-ohm resistors provide the correct bias cur- 
rent when using a 12-volt power supply; their values 

will have to be adjusted accordingly if another supply 
voltage is used. 

Operation of the MA8334 has been completely sat- 
isfactory. With the circuit of fig. 1, the measured 
insertion loss was 0.25 dB, and the swr is 1.23:1 
when operated at 50 ohms. Isolation between ports 
has not been measured, but from observation I 
would judge it to be at least the 37 dB specified by 
the manufacturer. 

To conclude, this device provides interesting pos- 
sibilities for vhf-uhf switching at power levels up to 

/-GO XMTR 150 OHMS1 

ANTENNA ej RFc 
150 OHMS) 

+I2 VOC 
SW CONTROL 

RCVR f5OOHMS) 

,,+I1 c4 a +I2 "K 
001 SW CONTROL 

fig. 1. Circuit diagram of a solid-state T/R switch for 144 
MHz. The MA6334 can be used at other frequencies up to 
1000 MHz by proper choice of circuit constants. The lead 
marked with an asterisk is identified by a diagonally cut 
end; the other two leads may be used interchangeably 
for either transmitter or receiver. 

50 watts CW. With proper component selection, the 
switch should perform well on 432 MHz. When com- 
pared with conventional switches, the MA8334's 
compact size, rugged construction, and reliability 
give it a definite advantage. The present single- 
quantity cost is $19.00, but with increased produc- 
tion the price is expected to drop significantly. It may 
be purchased through any dealer handling Micro- 
wave Associates products. 

ham radio 

iy Tom Reddeck, W4NHH. Route 9, Box 
51 5, Greensboro, North Carolina 27409 

54 february 1978 



BUY 

ATLAS 350mXL 
The ultimate radio. 

For SSB and CW.. . lo. 15,20,40,80, 
and 160 meters, full coverage.. . Plus 
WWV,5,10,15MHz ... UptolOaddi- 
tional 500 kHz ranges by adding 
crystals.. .350 watts P. E.P. and CW 
input power.. . Broadband design. 

preselector tuning only.. . Digital fre- 
quency readout (optional), and 
standard analog dial.. .High receiver 
sensitivity. . . Super selectivity. . . 
Exceptional Dynamic Range.. .CW 
Filter. . . QSK Full Break-In CW..  . 
Sidetone. . . RIT . . . AF Notcher . . . 
Noise Blanker. ,. . ANL . . . VOX . . . 
Operates directly from a 12 to 14 volt 
DC supply, ideal for mobile and 
portable work.. . Optional mobile 
mount provides quick plug-in for go- 
ing mobile. 

MADE IN U.S.A. Every Atlas trans- 
ceiver is designed and manufactured 
in the U.S.A. BUY THE BEST.. .BUY 
AMERICAN. 

CUSTOMER SERVICE.. . SECOND 
TO NONE.. .That is our motto. When 
you buy an Atlas product.. .you in- 
herit the best service policy there is. 
Ask the ham who owns one! 

Model 350-XL (less options) . $995. 
Model DD6-XL Digital Dial . . . $229. 
Model 305 Auxiliary VFO . . . . $1 55. 
Model 305PS AC Power Supply $229. 

ATLAS 
R A D I O  INC. 

417 v1.1 Dt.1 Monte. Oceans~de. CA 92054 
(714) 433 1983 
Speclal Customer Sewlce D~rect L~ne (714) 433.9591 
TWX 910 322 1397 



digital scanner 
for 2-meter synthesizers 

Complete 
construction details 

plus other unusual ideas 
for integrating 

a digital scanner 
with a 2-meter synthesizer 

After operating a synthesizer, you begin to realize 
the number of 2-meter repeater channels that exist 
and also how long it takes to turn the switches 
through all channels. The digital scanner presented 
in this article was designed to permit easy, hands-off, 
monitoring of the 2-meter fm band. It can also serve 
as a good indicator of 2-meter band conditions by 
listening for repeaters outside your local area. 

The features incorporated in the scanner were 
based on several months of on-the-air operation of a 
prototype in an area heavily populated w i th  
repeaters. It scans all 2-meter repeater input and out- 
put frequencies between 146.01 MHz and 147.99 
MHz, in 30 kHz steps; all 67 frequencies are scanned 
in about 6 to 8 seconds. The frequency is also read 
out directly by five, 7-segment LED displays. 

Operating features include three modes of scanning, 
A, B, and C. Mode A scans until a signal is received, 
at which time the scanner stops, listens for about 3 
seconds, and then continues. This mode allows rapid 
scanning of all channels to determine activity. Mode 
B scans until a signal is received and waits until the 
signal is gone before continuing the scan. Mode C is 
the same as Mode B except that a 3-second delay oc- 

S O U E L C H  
S I G N A L  C O N T R O L S  O S C I L L A T O R  

7 - S E G M E N T  F R E Q U E N C Y  EH-1 TH-t 
'7 S T R O B E  1 

BCO D A T A  T O  ( 1 
S Y N T H E S I Z E R  L A T C H E S  C O U N T E R S  

I fig. 1. Functional block diagram of the digital scanner. 

curs before continuing the scan. Mode C allows 
monitoring of repeaters that require the repeater car- 
rier to drop between transmissions. To prevent the 
scanner from locking-up on a very active repeater, a 
timer is incorporated to ensure that the scanner does 
not stay on any frequency more than 3 minutes. 

A latch function is provided to permit locking a 
synthesizer receiver to the scanner's receive frequen- 
cy by command. If the synthesizer has automatic 
transmit offset capability, this feature can be used to 
good advantage. In my case, I've wired the function 
to a momentary type toggle switch but it's readily 
adaptable to a push-to-talk (PTT) mike switch. Wire 

By Marion D. Kitchens, K4GOK, 7100 
Mercury Avenue, Haymarket, Virginia 22069 
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M O D E  

I o 4  ' = - iTa  

fig. 4. Schematic diagram of the scanner. The actual 102 

board can be split into two portions: all circuitry after - 1 0 3  
C O N T .  

the 7490 counters and the control timers. The 180-ohm 
r o r J  M O M E N T A R Y  ON - O F F  - 

resistors can be used as interconnections between the M O M E N T A R Y  ON 

main board and display boards. DPDT C E N T E R  - OFF 

they should be explained. First, the GLB type syn- propriate change between BCD 6 and BCD 7. The 
thesizers do not utilize a complete BCD signal from 7490 decade counter supplying the MHz data then 
the frequency switch; a portion of the BCD signal is has to supply the 0 and 1 count data of column d for 
hard wired within the synthesizer while the remaining the MHz BCD data as shown in table 1. The 2 count 
signal lines are controlled by the frequency switches. of this decade counter then represents 148.00 MHz 
Table 1 shows the BCD inputs required at the syn- and is used to reset all three 7490 decade counters 
thesizer divider chain to produce the frequencies in- and the 7490 divide-by-three circuit. 
dicated. Examination of the table shows that some of The second major difference is the manner in 
the data does not change for frequencies between which the divide-by-three counter is reset and its 
146 and 147.99 MHz. For example, to scan from resulting operation. Outputs B and D of U6 are OR- 
146.01 MHz to 147.99 MHz requires only the ap- wired via the two diodes to the input of the 74121. 

The A and B outputs of U6 are used to reset this 
table 1. Required BCD information for the synthesizer input. counter. The resulting circuit then functions 

bcd data according to table 2. The 148-MHz reset signal from 
frequency MHz 100 kHz 10 kHz the third decade counter (U8) presets the divide-by- 

column a b c d e f g h i j k l  three circuit to count nine. Upon receipt of the first 
146.01 o 1 1  o o o o o o o o ~  pulse from the oscillator, the circuit goes to count 10, 
146.04 O O O O O O O O O or zero since no carry circuit is used. A t  count zero 
146.07 0 1 1  0 0  0 0 0 0 1 1 1  

147.00 0 1 1  1 0  0 0 0 0 0 0 0  the output goes low and the 74121 sends a signal to 
147.03 o 1 1  1 0  o o 0 0 0 1  1 latch the 7475s. The correct BCD data for 146.01 
147.06 o 1 1  1 0  o o 0 0 1  1 0  MHz is now stored in the latches. 
147.99 o 1 1  1 1  o o 1 1 0 0 1  The fourth pulse from the oscillator causes outputs 



A and B of U6 to be high and the 7490 resets itself to 
zero. A t  this point, the output from the diode OR cir- 
cuit goes low and strobes the latches. The 7475s now 
have BCD data for 146.04 MHz stored in them. 

Three more pulses from the oscillator will again 
trigger the 74121 and the 7475s, providing BCD data 
for 146.07 MHz. The sequence continues for fre- 
quencies in 0.03 MHz steps until 148.00 MHz is 
reached, whereupon the divide-by-three circuit is 
reset to nine and the sequence starts over. 

Two timing circuits are used to provide the three 
operating modes described earlier. One 555 timer 
provides a 3-second delay and another timer provides 
about 3-minutes delay. A receiver squelch circuit is 
sensed by the 339 voltage comparator whose output 
controls the 3-second timer. Both true and inverted 
outputs are obtained from the 339. Fig. 3 shows a 
partial schematic of the timer circuitry. With the dpdt 
switch in position A, pins 2 and 4 of U2 are con- 

nected to the voltage comparator. An output pulse 
will be generated if the pins receive a positive going 
signal from the comparator. The duration of the 
pulse from U2 is determined by the values of Rt and 
Ct. The output pulse will terminate after this time 
even though the input is still present. If the input 
signal is less than the RtC, determined pulse dura- 

table 2. Outputs from the 7490 showing the divide-by-three 
operation. 

7490 circuit 
inputs outputs output 

d c b a  
Reset to 9 1 0 0 1  1 

Oscillator input count 1  0  0  0  0  0  

2 0 0 0 1  0  

3 0 0 1 0  1 

4 0 0 0 0  0  

5 0 0 0 1  0 
6 0 0 1 0  1  

7 0 0 0 0  0  



fig. 5. 
circuil 

layout the printed- 

tion, the output will terminate with the input. The ner were based on reference' and the data in the 
output from the timer is used to inhibit the oscillator; Signetics data books.2 
this causes the scanner to stop on the frequency that The 3-minute timer is used to prevent the scanner 
opened the transceiver squelch. In this mode the from locking up indefinitely on very active repeaters. 
scanner stops only for a duration determined by R t  The 3-minute 555 timer (U3) senses the output from 
and C,, in this case 3 seconds (or less if the signal is the 3-second timer, as shown in fig. 4. It operates 
present for less than 3 seconds). just as the 3-second timer does when in mode A. A 

With the dpdt switch in position B, the inverted 
squelch signal is applied through the 1-meg resistor 
to only pin 2 of the 555. In this mode, the 555 output 
follows the squelch signal, without delays, as long as - ~- 
the squelch signal is longer than 3 seconds. The 555 
output exists for at least 3 seconds even though the 
squelch input may be shorter. This is the mode used 
when it is not desired to wait for a return call after a 
repeater drops. 

One section of the 339 voltage comparer is used as 
an amplifier and connected across the timing 
capacitor of U2. When the dpdt switch is in position 
C, the amplifier has an input and becomes active. A 
signal from the squelch drives the amplifier output to 
ground potential, thereby maintaining Ct in a 
discharged state until the squelch is present, and for 
a period afterwards that is determined by C, and Rt .  m r v -  

The receiver listens as long as the squelch is open 1 
- s u  - LOCK 

and then for an additional period, 3 seconds in this h d - .  1 F 
case, waiting for a return call. This mode is used with 
repeaters that require a repeater carrier drop between Close-up view of the scanner portion of the synthesizer 
transmissions. The timing circuits used in the scan- showing the operating controls. 
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The main circuit board has been split into two separate por- 
' tions with the display board connected by the 180-ohm 

current-limiting resistors. 

positive-going signal at its input (pins 2 and 4 tied 
together) causes initiation of its 3-minute output 
pulse. The 3-minute timer's output is terminated 
when the input is removed or after 3 minutes, 
whichever is less. The output of the 3-minute timer is 
applied to one input of a 2-input NAND (U4B) gate to 
control passing or inhabiting of the 3-second timer 
output, which is connected to the second input of 

the NAND gate. The output from the NAND gate (pin 
6) controls the scanner oscillator. The squelch input 
to the amplifiers is inhibited by a second NAND gate 
(U4A) when the 3-minute timer has expired and the 
3-second timer's output still exists, thereby resetting 
both timers. 

construction 
Construction of the scanner is rather straight- 

forward with use of the printed circuit board. A full- 
size circuit-board layout and parts placement 
diagram are shown in figs. 5 and 6, respectively. The 
circuit board can be built as a single unit, or can be 
cut and assembled into a compact unit as shown in 
the photographs. Since IC sockets usually cost more 
than the ICs themselves, soldering directly to the cir- 
cuit board is recommended. 

The circuit board should be built and tested in sec- 
tions. The recommended sequence is to install the 
squelch amplifier, timers, and latchlcontinue chain, 
and then follow with the 555 oscillator, divide-by- 
three counter, and one-shot chain. A I-meg pot 
should be temporarily installed in place of R,. This 
pot will later be adjusted to suit the builder's 
transceiver and then replaced with a fixed-value 

I. 
fig. 6. Pans placement diagram for the -. 

printed-circuit boards. 



T O  
PROGRAMMABL 

D I V I D E R  

E l 3  

E l 4  

€15 

E l 6  

I I S C A N N E R  

Y I L .-.----.---. 

M H z  IOOkHr I O k H z  I 

B C D  S W I T C H  - BANK B  

S Y N T H E S I Z E R  I 
---...---.....----.J 

fig. 7. Scanner wiring to synthesizer. The control s 

resistor. A t  this point in construction, a 30-Hz signal 
should be observed at the oscillator (U5, pin 3) and a 
10-Hz signal at the output from the one shot (U7, pin 
6). The oscillator should also respond to squelch in- 
put signals. The 7490 counters and the 7475 latches 
can now be installed. Pin 14 of the 7475s must be 
removed from the package. The pin was removed to 
facilitate circuit board layout; jumpers or, the foil side 
of the board connect pins 4 and 13 of the latches 
and between pins 3 and 9 of U10. Check that the 

T R A N S M I T  + 5 v  

INDICATORS 9 

2 b 

X M l T  S W I T C H  

5 k  

TO 
BCD 

S W I T C H E S  
I N H I B I T  

I N D I C A T O R S  

fig. 8. Control switching for the BCD lines in the synthe- 
sizer. The normal switches on the synthesizer are auto- 
matically inhibited when using the scanner. 

,witches must be disabled when the scanner is in use. 

7490s are counting down and data is being trans- 
mitted through the latches. Install the decoders and 
verify the correct information exists at the outputs. 

The seven-segment LED displays are mounted on a 
small, separate printed-circuit board. Note that the 
10-MHz display (the number 4) is mounted inverted. 
The display circuit board will accommodate most of 
the SLA-1, MAN-7, or 707 displays with a common 
anode. Be sure to install the jumper wires on the foil 
side of this circuit board. The displays should first be 
mounted to the circuit board, then make the connec- 
tions between the display circuit board and the main 
circuit board. The main circuit board can be cut near 
the 7476s and the 180-ohm resistors used to mount 
the display board to the main circuit board. Make 
these connections to suit your particular installation. 

The control switches should now be wired and the 
completed scanner checked out before connection 
to the synthesizer. Use a regulated 5-volt power sup- 
ply capable of providing about 750 mA. An indepen- 
dent LM309K or similar regulator, supplying power 
only to the scanner, is recommended. 

The scanner outputs from the 7475s are wired to 
the synthesizer as shown in fig. 7. The synthesizer 
BCD transmit, BCD receive, and scanner outputs are 
OR wired through the diodes to the synthesizer 
programmable divider. When the scanner is in use, 
neither the synthesizer BCD transmit or receive 
diodes can have voltage applied; their anodes must 
be either open or grounded. Fig. 8 shows the circuit 
used in my homebrew 2-meter TTL synthesizer. 

Another method is to replace the synthesizer 
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receive select switch (used for selecting between the 
two sets of BCD switches) with a double-throw, 
center-off switch. This switch must be in the off 
position when the scanner is in use. An alternative to 
both of the above methods is to set the BCD switches 
for all zero outputs, usually 144.00 MHz. The squelch 
input to the 339 comparator (U1) should be con- 
nected, with shielded cable, t o  a point in the 
transceiver where the voltage goes high when the 
squelch opens. 

Power can be applied to all portions of the scanner 
and correct operation of the control switches, 
display, etc. should be verified. The 1-meg pot tem- 
porarily installed in place of R, should initially be set 
at its maximum resistance. It should then be adjusted 
for the maximum scan rate, as dictated by the lock- 
up time of the external synthesizer. After satisfactory 
operation is obtained, the pot should be replaced by 
the next largest, fixed value resistor. A 470k resistor 
can be used for R, with most transceivers and syn- 
thesizers if maximum scan rate is not of particular 
importance. 

circuit variations and additions 
A number of practical and interesting circuit and 

functional variations are possible. This section will 
present several variations and additions that have 
occurred to me. Some have been tried, while others 
are only ideas that you may want to develop to suit 
your own particular needs. 

One variation is to have the digital display indicate 
both the scanner frequency and the synthesizer BCD 
switch frequency. This can be accomplished by 
taking the BCD inputs to the 7446 seven-segment 
decoders from the synthesizer at the programmable 
divider inputs. The display will indicate the scan fre- 
quency when the scanner is in operation; when off, 
the display will indicate the synthesizer receive fre- 
quency when receiving and the transmit frequency 
when transmitting. Pull-down resistors may have to 
be added at the 7446 inputs; the 7446s and displays 
must, of course, have power when the scanner is off. 

Scanning in 10-kHz steps can be obtained by in- 
hibiting or bypassing the divide-by-three circuit. This 
feature will provide nearly continuous coverage of 
the 2-meter band. 

Fig. 9 shows simple circuit changes that will 
eliminate scanning of the 147-MHz repeater input fre- 
quencies. This change will reduce the scan time by 

return call) if the mode switch is simply omitted. 
Connecting a jumper between points 102 and 105 
results in mode C operation (wait for a return call). 
The latch/continue function is useful and its elimina- 
tion is not recommended unless minimization of 
panel space is desired. 

Those builders needing the absolute minimum 
panel space could eliminate the control switches and 
use 0. 1-inch (2.5mm) high displays. Only the 100 kHz 
and 10 kHz digits need displays. A discrete LED could 
be used to indicate 147 MHz. The synthesizer 

OPEN H E R E 7  

ADD WIRING SHOWN 
B Y  H E A V Y  LINES 

fig. 9. Circuit changes t o  prevent the  counters from cover- 
ing the  147-MHz repeater receive frequencies. 

ONIOFF switch could be a center-off dpdt switch 
supplying power only to the synthesizer when in one 
on position, and power to the synthesizer and scan- 
ner when in the other on position. 

Another addition that could lead to some in- 
teresting possibilities is an automatic transmit fre- 
quency offset feature. Digital subtraction of 600 kHz 
could be provided for 146 MHz repeater frequencies 
and 600 kHz addition provided for 147 MHz repeater 
frequencies. A center-off, double-throw switch, 
marked REPEAT-SIMPLEX-INVERT could be used. The 
latch/continue control could then be used to place 
the synthesizer on frequency and latch it there. The 
bulky BCD transmit and receive switches could be 
eliminated, and a very compact, highly functional 
synthesizerlscanner could be built. 

These variations and additions are presented to 
encourage building and experimenting among 
amateurs. I hope that others will build upon and add 
to these efforts, and eventually present the results 
for the benefit of all amateurs. 

about 2 seconds. No comparably simple way was references 
found to eliminate scanning of the 146-MHz repeater 

1. Mike Connor, WAaBMP, Bob Henson, WBBJHS, "Super 
input frequencies. COR," 73. June, 1976, page 16. 

Other variations include elimination of the scan 2. Signetics Digital, Linear, MOS Data and Applications Book, 
mode control switch and the latch/continue switch. 1974, Signetics Corporation, Sunnyvale, California. 

The scanner will be in mode B (does not wait for a ham radio 
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FULL COVERAGE TRANSCEIVER 
The TS-520s provides full coverage on all amateur bands 
from 1.8 to 29.7 MHz. Kenwood gives you 160 meter 
capability. WWV on 15.000 MHz.. and an auxil~ary band 
positton for maximum flexibil~ty. And with the addttion of 
the TV-506 transvener. your TS-520s can cover 160 
meters to 6 meters on SSB and CW. 
OUTSTANDING RECEIVER SENSITIVITY AND MINI- 
M U M  CROSS MODULATION 
The TS-520s incorporates a 3SK35 dual gate MOSFET 
for outstanding cross modulat~on and spurtous response 
characteristics. The 3SK35 has a low nose flgure (3.5 dB 
typ.) and high gain (18 dB typ.) for excellent sensitivity. 
NEW IMPROVED SPEECH PROCESSOR 
An audto compresston amplifter glves you extra punch in 
the pile ups and when the gotng gets rough. 
FINAL AMPLIFIER 
The TS-520s is completely solid state except for the 
driver (128 Y7A) and the ftnal tubes. Rather than substi- The TS-520S the popular tute TV sweep tubes as final amplifier tubes In a state 

transceiver in the world, is a solid foundation of the art amateur transceiver. Kenwoo ployed 

for an expanding series designed to please any ~~~,"2k~2;2~~~,"2,"~~~~t~~,"w'n4~ 
ham . . . from Novice to Extra. and superb linear~ty. 

~d has em1 
60) tubes. 
lor their la 

These 
Nng l ~ f e  

- - -- - - 

I 
The Kenwood famtly IS grow~ngl The TL-922 a brand 
new ltnear ampl~f~er IS now a realtty 
Gtve yourself the btg signal that commands attention 
on today s crowded bands The TL-922 runs the full legal 
l tm~t  on the ham bands from 160-10 meters and IS com- 
pattble wtth most amateur exctters The TL-922 IS a must 
In any Kenwood stallon 

I Make yourself heard ltke you've never been heard before. 
w ~ t h  the Kenwood TL-922 ltnear ampl~fte . - - 

q l a b l e  in  the Spring! 



HIGHLY EFFECTIVE NOISE BLANKER 
An effective noise blanking circuit developed by Kenwood 
that virtually eliminates Ignition noise is built into the 
TS-520s. 
VERNIER TUNING FOR FINAL PLATE CONTROL 
A vernier tunrng mechanism allows easy and accurate 
adjustment of the plate control during tune-up. 

RF AlTENUATOR 
The TS-520s has a built-in 2 0  d 8  attentuator that can be 
activated by a push button switch conveniently located on 
the front panel. 
PROVISION FOR EXTERNAL RECEIVER 
A special jack on the rear panel of the TS-520s provides 
recelver s~gnals to an external receiver for Increased sta- 
tion versatility. A switch on the rear panel determines the 
signal path.. the receiver in the TS-520s or any external 
receiver. . AC POWER SUPPLY 
The TS-520s is completely self-contained with a rugged 
AC power supply built-in. The addition of the DS-1A DC- 
DC converter (optional) allows for mobile operation of the 
TS-520s. - ~ ~- 

EASY PHONE PATCH CONNECTION 
The TS-520s has 2 convenient RCA phono jacks on the 
rear panel for PHONE PATCH IN and PHONE PATCH OUT. 
CW FILTER (OPTION) - CW-520 
The CW-520 500 Hz filter can be easily install 
provide improved operation on CW. 

ed and wil 

The TS-520s retains all of the features of the original TS- 
520 that made i t  tops in its class: RIT control . 8-pole 
crystal filter . Built-in 25 KHz calibrator . Front panel 
carrier level control . Semi-break-in CW with sidetone 
VOX/PTT/MOX . TUNE position for low power tune up . Built-in speaker Buvlt-in Cooling Fan Provisions for 4 
fixed frequency channels * Heater switch. 

Amateur Bands 160 10 meten 
plus W (recelve only) 

Modes USB LSB. W 
Antenna Impedance M 15 Ohms 
Frequency Stabvl~ty Wvthtn ' I 

kHz durlng one hour alter one 
mlnute ot warm up, and w~thln 
IW Hz dur~ng any 30 mlnute 
perlod therealler 

lubes & Sem~conductors 
Tubes 3 
(S2001A 1 2  12BY7A) 
Ttanwtnrs 52 
FETs 19 
O~odes 101 

Power Requrrements 120/220 V 
AC 50160 Hz 13 8 V DC 
w~th opt~onal DS I A )  
"er Consumptvon Transmlt 
'Rrl Wzltc R ~ r r ~ v r  76 Watt% 

TRANSMITTER 
RF Input Power SSB 200 Watts 

PIP CW 160 Watts DC 
Carrler Suppress~on Better than 

-40 dB 
S~deband Suppression Better 

than -9 dB 
Spurlous Radlatton Better than 

-40 dB 

Microphone lmpedance 50k Ohms 
Af Response 100 to 2.600 Hz 

RECEIVER 
Sensvt~vvty 0 25 uV lor 10 dB 

(S+N)/N 
Selectvvvly SSB 2 4  kHz/-6 dB 

4 4 kHz/ 6U dB 
Selecl~v~ty CW 0 5 kHz/-6 dB 

1 5  kHz/-60 dB (wlth oplvonat 
CW 520 l~lterl 

Image Ratlo Better than M dB 
I F  Relecllon Better than 9 dB 
AF Ou~~ut Power I0 Watt (8 "" " . --- - - -  - 

AMPLIFIED TYPE AGC CIRCUIT wvth heater 011) Ohm load w ~ l h  less than 10% 
The AGC clrcult has 3 poslt~ons (OFF. FAST. SLOW to Drmens~on 333(13't) W x 153 (6 0) dlslortlon) 
enable the TS-520s to be operated vn the optlmum con- H K 335(13 (13 3/16) mm(vnch) AF Output Impedance 4 to 16 
dltton at all tlmes whether operating CW or SSB Welght 160 kg(35 2 Ibs) Ohms 

ment 

sfl 
The ! 
the T 
for a( 

Kenwood 
operating I 

=o- 

- 
% - 

- - - (Dlg~tal Dvsplay) 

The DG 5 prov~des easy, accurate readout o 
your frequency wh~le transmlttlng and recevvlng 

YI 5zICTs 
The VFO-520s IS a sol~d state remote VFO des~gned to 
match the TS-520s It allows VFO controlled cross channel 
operation when connected to the transceiver A bull1 In 
RIT clrcult wrth an LED rnd~cator permrts recevver lncre 

al tunlng 

P-520 
;P-520 IS an external speaker des~gned for use w ~ t h  

I place of the transcevvers butlt 
Y 

-in speake 

, . ~ - -  . 
/ ". - 

.re's a new and vetsatlle accessory from Kenwood that 
longs in every statton. The AT-200 is an antenna tuner. 
11 i t 's also much more. It's an antenna switch, an SWR 
idge and an in-line wattmeter. The AT-200 reduces the 

clutter and increases the operating efficency of your sta- 
t ion. . .and at a surprisingly moderate prlce. 

TV-50s 
An easy way to get on the 6 meter band w ~ t h  your TS- 
520/TS-820,'T-5990 serles and most other exciters. 
Slmply plug it in and you're o n , .  full band coverage with 
10 watts outout on SS8 and CW. 

110-KENWOOD COMMUNICATIONS INC. 
11 WEST WALNUT COMPTON. CA 90220 



modifying the 
Collins 51 J receiver 

for ssb reception 

If you're lucky enough 

to have one of the 
51 J-series receivers, 
here's an easy way 

to update it 
for single-sideband reception 

One of the most popular surplus receivers is the 
Collins 51J series, available in limited quantities 
through MARS and some surplus stores. Designed in 
the mid 1950s, the stability, readout accuracy, and 
general excellence of this receiver literally revolu- 
tionized receiver design, setting the trend for most of 
the modern ssb receivers and transceivers. The 
immediate fallout from the 51 J design was the well- 
known Collins 75A series of amateur-band-only 
receivers, followed by the present S-line. 

The many virtues of the 51 J series receivers do not 
include good ssb reception. An important modifica- 
tion is the inclusion of a product detector and alter- 
ation of the automatic gain-control loop to accom- 
modate ssb signals. This article covers these 
modifications as well as other minor changes that 
make the 51J into a first-class receiver suitable for 

amateur service, including general-coverage 
operation. 

Five models of the 51 J receiver are available. The 
51J-1 is quite rare; probably the quantity made was 
small. The 51 J-2 and 51 J-3 are fairly common on the 
surplus market; differences between the receivers 
are minor. The military R-388lURR is similar to the 
51J-3. The 51J-4 was the latest production model 
and incorporates mechanical filters in the i-f system. 
A choice of three filters may be made with a panel 
switch. 

At one time Collins made an adapter (Collins part 
number 354A-1) for the 51 J-2 and 51 J-3 that would 
modify the receivers for inclusion of crystal filters. 
The adapter is no longer in production. 

The first job for the owner of a 51 J is to align it cor- 
rectly and test all the tubes. Complete alignment 
information is included in the Collins receiver manual 
and also in the military technical manual, Radio 
Receiver R-388/URR, TM- 1 1-854, sometimes obtain- 
able through MARS or surplus dealers. 

receiver sensitivity 
A common fault in most 51 J receivers I've inspected 
is that overall gain is low and the receiver seems dead 
above about 15 MHz. Investigation has shown that 
receiver gain is reduced because of an uncommonly 
high bias voltage applied to the rf tubes. Bias is ob- 
tained from a voltage divider in the negative side of 
the high-voltage power supply (fig. 1). Normal bias 
voltage is -1.4 volts and, in the receivers tested, has 
usually run from -1.6 to -3.0 volts. This high 

By William I. Orr, WGSAI, EIMAC, 301 In- 
dustrial Way, San Carlos, California 94070 
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The final modifications at this point are to place T O  V I I O A  
P I N S  6. 7 

the 0.1 pF filament bypass capacitor on the socket 
and revise the audio and agc circuitry. 

audio-stage mods 
The remainder of the modified circuitry is shown in 

fig. 4. The plate circuit filter components ( two 470- 
pF capacitors and a 47k, 1/2-watt resistor) are 
mounted on a two-terminal strip placed under one 
bolt of coaxial socket J104 (marked i f  output) .  The 
0.05 yF coupling capacitor is connected between this 
assembly and XV114 pin 5. 

The 51J panel must now be removed to get at 
selector switch S112 (BFO OFF-ON) (f ig. 5).  If not, I M  

the switch will have to be replaced with the proper 
type (dpdt). The A section shorts the 6BE6 screen 
supply for am service. The B section switches the M O D I F I E D  

audio section of the receiver from the product detec- C I R C U I T  

tor to the diode detector, through limiter tube 
V112A. The audio takeoff point is XV112A pin 3. fig. 4. Revised product detector and agc circuit. Caps are 

To make the interconnections, three coax cables ceramic except for the time-constant cap, which is Mylar 

must be run from switch S112 to the rear of the 
receiver. For ease of wiring, the small-diameter RG- 
179/U is suggested. The outer braids of the three 
cables are grounded to the switch assembly on the 
panel. The cables are dressed into position and run to 
the respective termination points, at which place the 
shields are again grounded. 

agc mods 
To complete this step, capacitor C205A-B-C 

should be temporarily unbolted from the chassis and 
moved out of the way . 

The agc loop in the receiver is designed to adjust 
the rf and i-f gain automatically for a-m signals. It . 
must be modified for ssb reception. Pappenfus et a/3 
recommends an attack time of about 0.002 second 
and a release time of 0.2 to 2 seconds. This time con- 
stant can be closely approximated within the limita- 

(see text). BFO injection, measured at pin 1 XV114 socket. 
should not be more than 10V rms. Oscillator voltage can be 
set by varying the 22k. 2W screen resistor. Signal injection 
level is set by the value of the resistance between XV114 
pin 7 to ground. 

tions imposed by the 51 J circuitry. The agc circuit is 
shown in fig. 1. The agc time constant, as the 
receiver stands, is about 0.06 second, determined by 
capacitor C205B and resistor R144. 

It's theoretically possible to increase the time con- 
stant by increasing R144; however, there's an upper 
limit to the value of this resistance, as pointed out by 
my friend and colleague, W6P0, who reminded me 
that oxide cathode tubes such as the 12AU7 are 
restricted as to the maximum value of grid resis- 
tance, which should run less than two megohms. 

The reason for this restriction is that a combination 

3 3 0 p F  Dkl L I M I T E R  

V 1 1 2 A  

D E T E C T O R  
V 1 1 0 4  
1 2 A X 7  

I - F  
O U T P U T  

fig. 3. Detector and i-f output amplifier schematic. VllOA is connected as a diode detector. Audio is recovered across R151. 
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of the Edison effect and the migration of oxide from 
the cathode to the grid as the tube ages can lead to 
grid emission. An electron flow caused by grid emis- 
sion (even if only a microampere or so) can seriously 
disrupt the bias level when the grid resistor is an 
unreasonably high value. One microampere, for ex- 
ample, flowing through a 2-megohm resistor pro- 
duces a 2-volt drop, enough to alter the operating 
characteristics of the 12AU7 agc amplifier tube. The 
flow of grid current can block the agc line, rendering 
the receiver inoperative. W6PO recommended that 
not more than 2 megohms, and preferably less, be 
used in the agc time constant circuit. 

To achieve the desired results capacitor C205B 
(0.1 pF), which is part of the timing circuit, must be 
increased to at least 1 pF. The use of a low leakage, 
Mylar capacitor at this point is recommended. The 
capacitor can be placed directly from the center ter- 
minal of C205B to an adjacent ground lug. The 
resistive portion of the timing circuit is made up of a 
germanium diode and two resistors. The attack time 
is set by the 2.2k, 112-watt resistor and the release 
time by the 1 megohm, 112-watt resistor. The 1 N270 
diode disconnects the attack resistor during the 
discharge portion of the agc cycle. This tiny network 
is made up and then placed between pin 3 of socket 
XVIIOB and the adjacent terminal of capacitor 
C205B (fig. 4).  

testing 
After the wiring is checked, the receiver should be 

tested on a-m to make sure that all original circuits 
are working. When the BFO switch is turned on, the 
BFO may be adjusted for good ssb reception. Once 
satisfied the receiver is working properly, you can 
check out ssb operation. 

The first step is to check for BFO harmonics. With 
the antenna off, tune the receiver to 1 MHz, 1.5 
MHz, and 2 MHz. The BFO harmonics should be 
heard weakly at the lower frequency and should be in 
the receiver noise level above 3 MHz. If the har- 
monics are loud enough to be troublesome, the BFO 
level should be reduced by increasing the value of the 
22k, 2-watt screen resistor on the 6BE6. Once the 
BFO harmonics have been reduced to your satisfac- 
tion (about 2 or less divisions on the S meter at 2 
MHz), you can check the product detector for signal 
overload. 

With the constants shown, the signal from the 
product detector will be somewhat less than that 
from the a-m detector. The receiver has ample audio 
gain, so this presents no difficulty. You should be 
able to tune in a needle-banging ssb signal and 
receive it crisp and clean. If audio distortion shows 
up as a growl on speech, this indicates that the pro- 
duct detector is being driven too hard by the i-f 
signal. The remedy is to reduce the value of the IOk, 

1/2-watt resistor in the rf input leg of the 6BE6 
XV114 pin 7. In some cases, this resistor value will be 
as low as 1.2k for low intermodulation distortion. 

The 51J receivers vary a bit from one production 
run to another, and changes in harness layout affect 
the oscillator level injection, oscillator harmonics, 
and intermodulation distortion. However, the values 

ON - O F F  I N  o O U T  

FROM 

X V 1 1 4  X V 1 1 2  

A S E C T I O N  A S E C T I O N  

I  S l l P  - 5 1 1 6  - 
I B F O  L I M I T E R  ( 
I S W I T C H  S W I T C H  , 
I  

I 

F H O M  
P R O D U C T  

D E r E C T O R  

T O  AUDIO 
R 1 5 4  

fig. 5. Many 51Js can be wired in this fashion for proper 
switching. If S112 and S116 are single-pole switches, they 
must be replaced with double-pole, 2-position, shorting 
switches. Note that section B of S116 is used only as a tie 
point for C209. 

given in the schematic are representative and are a 
good place to start from. 

parting thoughts 
One baffling 51J receiver, after modification, 

overloaded on even the weakest ssb signal. A 
painstaking check revealed that some previous 
owner, anxious of wringing every decibel of gain out 
of the receiver, had changed the detector tap on 
transformer TI05 from pin 6 to pin 4 (fig. 3). This 
upset the gain level of the receiver so that overload 
was inevitable. Changing the modification back to 
the original circuitry cured the trouble. 

The modified 51J, especially if equipped with 
mechanical filters and a reduction tuning knob, is the 
equal of the best of today's ssb receivers. How many 
items of equipment, designed in the mid-1950s can 
equal that? 

references 
1. William I. Orr. WGSAI, "Collins 51J PTO Restoration," ham 
radio, December. 1969, page 36. 
2. Lee, "The Single-Tube Pocket Detector," CO, April, 1961, and 
Scherer, "More on Updated Improvements for the 51J 
Receivers," CQ, December, 1968. 
3. Pappenfus. Bruene, and Schoenike, Single Sideband Principles 
and Circuits, McGraw-Hill Book Company, New York, 1964. 
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I discrete 
operational amplifier 

active filters 

The functions of 
the hybrid active filter 

can be replaced 
by using individual 

operational amplifiers - 
the quad op amp 

now permits a 
package-by-package 

replacement 

Two recent excellent articles have described the 
construction of active filter circuits for CW and ssb 
receiving applications, using the Kinetic Technology 
type FX-60 hybrid, integrated circuit.l.2 As men- 
tioned in K6SDX's article,2 the KT1 FX-60 "Univer- 
sal Active Filter" is a basic building block, incor- 
porating three micro-power op-amps with internal 
chip resistors and capacitors forming multi-loop 
negative feedback transfer functions. By the addi- 
tion of external resistors and/or capacitors, the 
nominal center frequency may be changed, and the 
outputs modified to simulate a variety of classic filter 
characteristics. 

However, the FX-60 is not always easy to come by 
since it is a "cull" or production reject of the com- 
mercial series FS-60. The FS-60 rejects have one or 
more tolerances out of limits, but are perfectly ac- 

table 1. Comparison of multiple op amp integrated circuits. 

number of 
manufacturer type op amps 

RCA CA3401E four 
Motorola MC3301P four 
National LM3900N four 
National LM-324 four 
RCA CA3060E three 
National LM148 four 
Note: The CA3401E. MC3301P, and LM3900N are pin-for 

supply 
voltage 

single ( + 1 
single ( + 1 
single ( + ) 
single I + ) 
dual(+ & - I  
dual ( + & - 1 

.-pin compatible. 

ceptable for experimental and amateur applications; 
they carry the designation FX-60. The FX-60 is only 
available directly from the manufacturer, the supply 
is limited due to a small rejection rate, and the com- 
mercial grade FS-60, at a five times higher price, is 
proportionately less attractive for amateur projects. 

Fortunately, there are now a number of inexpen- 
sive, multiple op amp ICs which can be used to 
adequately simulate the basic functions of the FX-60. 
The multiple op amps can be substituted in most of 
the circuits for which the FX-60 is specified. A partial 
list of suitable ICs for this purpose is shown in 
table 1. 

Single supply voltage types require only a positive 
supply in the range of 5 to 25 volts, and have a built- 
in center-signal reference. Dual supply types more 
commonly require both a positive and negative vol- 
tage with respect to ground. Some may be found at 
bargain prices at surplus supply houses. 

While all of the ICs listed in table 1 are suitable 
for active filter applications, I chose the LM324 for 
further consideration. Though not classified as 
"micropower," it has relatively low power drain 
(approximately 700 pA/amp), low internal noise 
(allowing use in low-level signal circuits), incorpo- 
rates four independent op amps, and requires only a 
single positive supply voltage. 

basic universal 
active filter 

Fig. 1 illustrates the basic circuit of the FX-60 with 
its internal negative feedback loops, and connections 
for the DIP configuration (viewed from the bottom). 
The internal resistor and capacitors (RlAJR2A and 
CIAlC2A) set the nominal bandpass output center 
frequency of 230 Hz and also the cutoff frequency 
Cfc) of the lowpass and highpass outputs. This fre- 
quency (230 Hz) can be increased by connecting ex- 
ternal shunt resistors, R1 B/R2B, across pins 1 and 2, 
and pins 10 and 12. The external resistors are always 
of equal value for a specific frequency above 230 Hz, 
and can be calculated from the formula 

where f, is the desired frequency above 230 Hz. If 

By Peter A. Lovelock, KGJM, 1330 California 
Avenue, Santa Monica, California 90403 
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R1 B/R2B are ganged variable units, the filter outputs 
can be made tunable. 

For nominal center frequencies below 230 Hz, ex- 
ternal capacitors C I B I C ~ B  are connected across 
pins 2 and 12, and pins 7 and 10. These capacitors 
should also be of equal value to establish the desired 
center frequency below 230 Hz. In addition, the ex- 
ternal resistors can be used, in conjunction with the 
external capacitors, to tune the filter outputs above 
the reduced nominal frequency. 

External resistor R4, either fixed or variable, is con- 
nected between pin 8 and ground to trim the nominal 
Q and gain of the FX-60, in conjunction with R3, 
the external input resistor. Pin 14 is normally the 
signal input, with pin 6 used for special applications. 

The basic circuit of the FX-60, which is called the 
"Bi-Quad Active Filter," can be adequately dupli- 
cated, for amateur applications, with an LM324 as 
shown in fig. 2. Since the LM324 has pin connec- 
tions to each of the four independent internal op 
amps, the frequency-determining resistors and 
capacitors are combined into single components, 
R1 lR2  and C1 /C2. The Q is varied by appropriate 
values of a single resistor R3; increasing the value of 
R3 increases Q and vice versa. Since width of the 
bandpass output is related to Q, R3 can be adjusted 
experimentally for the desired bandpass character- 
istic. 

ILTERWTE LO-PASS 
SIGNAL IN CUTPUT 

? ?  I 

I tl 

fig. 1. The internal configuration of the KT1 FX-60 hybrid ac- 
tive filter. External resistors or capacitors can be added to 
either raise or lower the center frequency. 

0. EQUIVALENT FX-60 PIN NUMBERS 

= c 

OUT-I INPUTS- I VCC INPUTS-2 W T - 2  

fig. 2. A basic bi-quad active filter using the individual op 
amps of an LM3241A). The equivalent pin numbers of an 
FX-60 show the LM324 can be used to replace the hybrid ac- 
tive filter. B shows the pin outs for the LM324. 

Comparison of figs. 1 and 2 show how the latter 
circuit, using the LM324, can be substituted for the 
FX-60 in previous articles. If the same resistance1 
capacitance (100k and 0.001 pF) are used in the 
LM324 circuit, the same approximate nominal center 
frequency of the FX-60 (230 Hz) will result. For direct 
substitution, the user may want to configure R3 in 
fig. 2 into the three resistor combination used in 
fig. 1. 

In the Bi-Quad duplicated circuit, only three of the 
four available op amps are used. The fourth op amp 
may be used as an output amplifier in place of the 
741 device required in some circuits,2 or for summing 
the highpass and lowpass outputs. 

Fig. 3 shows the complete circuit of an active filter 
using the LM324, with appropriate biasing for a sin- 
gle supply voltage of + 5 to +25 Vdc. The R1/R2 
value (150k) establishes f, at 1000 Hz, and the value 
of R3 ( 10 meg) for a Q of 50. Values of R 1 /R2 for 
other bandpass center and fc frequencies can be 
calculated from the formula 

The resistors should have a 1 per cent tolerance, but 
5 or 10 per cent tolerance may be used, with some 
variation in  resultant f,. Variations of RI/R2, for 
values of C1 lC2  other than 0.001 pF, are beyond the 
scope of this article; in general, the bandpass and 
f, can be determined for values of RIC when R = X,. 
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fig. 4. Schematic diagram of a tunable active filter. The highpass and lowpass outputs have been summed in the fourth op amp 
to provide a notch output. The potentiometers must have a reverse log taper. 

A fully tunable active filter, covering the range of 
300 Hz to 3000 Hz is shown in fig. 4. In addition to 
the previous highpass, bandpass, and lowpass out- 
puts, the fourth op amp (U4) is used to sum the high- 
pass/lowpass outputs which, being 180 degrees out 
of phase, result in a tunable notch at the output of 
U4. The tuning potentiometers are ganged, reverse 
log taper, 500k carbon, 2 watt units. Although exact 
tracking between the potentiometers is not critical, 
high quality components are recommended to mini- 
mize noise and frequency jumps. A notch of -35 
dB can be attained using fixed components with 5 
per cent tolerance. This circuit is similar to that used 
for audio notching in the new Atlas 350-XL trans- 
ceiver, and is most useful for nulling out unwanted 
CW signals or broadcast hetrodynes in the 3.8 and 7 
MHz bands. The low internal noise of the LM324 
permits inserting this circuit between the product de- 
tector and first audio amplifier stages of a receiver. 

Resistor R3 establishes the Qfor a notch width of 
200 Hz at the - 3 dB points. While the notch may be 

HI-PASS 'Oak BAND-PASS 

CI 

, , CZ 

INPUT + 

fig. 3. A practical fixed-frequency active filter using the 
LM324. The center frequency is 1 kHz, with a Qof 50. 

narrowed by increasing the value of R3, tuning for 
maximum notch depth becomes increasingly diffi- 
cult; 200 Hz is about optimum, for ease of adjust- 
ment. The notch output has unity gain with respect 
to the input signal, and any variations due to com- 
ponent tolerances can be adjusted for by trimming 
the value of the 100k resistor between pins 13 and 14 
of U4. 

This tunable active filter is generally useful for 
amateur receiver applications since the choice of 
high, low, bandpass, or notch outputs may be 
switched. It should be noted, however, that the 
highpass, lowpass, and bandpass outputs have gain 
with respect to the input. A resistive attenuator 
(minimum 1 megohm) coupled through a 0.1 pF 
capacitor to each of these outputs, is required to ad- 
just the levels for unity gain. 

An alternate, fixed-frequency notch filter, using 
only three op amps, is shown in fig. 5. Other than re- 
duction of components, this circuit has no inherent 
advantage, but lends itself to triple op amp ICs. 
Not easily adaptable to tuning, this circuit is useful 
for discrete frequency notching. 

general considerations 
Reasonable care must be taken when laying out 

any circuit that uses multiple outputs and feedback 
loops. The LM324 is particularly well suited to mini- 
mizing stray coupling, since the output terminal of 
each op amp is located at the four corners of the DIP 
IC. Stray coupling between the input and output of 
the separate op amps must be avoided to prevent in- 
stability or performance degradation. This is particu- 
larly important in the notch filter circuits where stray 
coupling may limit the attainable notch depth. 

If you wish to use one of the suggested devices 
other than the LM324, for a filter, I recommend that 
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fig. 5. A fixed frequency notch circuit can be formed by 
' using three sections of an LM324. This arrangement does 

not lend itself well to adjustable notch frequencies. The 
center frequency for this circuit is 3 kHz. 

you consult the manufacturer's specifications re- 
garding supply voltages. For single-supply voltage 
types, the biasing requirements can be uniquely 

fig. 6. A basic fixed frequency active filter that uses the 
compatible CA3401E. MC330lP. and LM3900N. The center 
frequency is 1 kHz. The 1 megohm resistor in the non- 
inverting lead is used to limit the input current. 

different. As an example, fig. 6 shows a fixed fre- 
quency filter using the CA3401E, MC3301P, or 
LM3900. These pin-compatible devices employ an 
internal "current mirror" transistor for the single 
polarity supply. Compared with the previous circuits, 
you can see that these devices require a different 
biasing arrangement, including high-value series 
resistors for the non-inverting inputs to  limit bias 
current to  between 10 and 100 pA. 

references 
1. Ken Hollady. KBHCP, "Tunable Audio Filter for Weak-signal Communi- 
cations." hamradio, November, 1975. page28. 
2. M. A. Chapman. KGSDZ, "Audio Filters for Improving SSB and CW Re- 
ception," hamradio. November. 1976. page 18. 

ham radio 

Model Input Output Typlcal Fnquency Prkm 
702 10W-20W SOW-90W 10Wln/7OWOUt 143-149MHz $149.00 
7028 1W- 5W BOW-BOW 1W i n l 7 O W 0 ~ t  143-149MHz $179.00 

Now get TPL COMMUNICATIONS quality and 
reliability at an economy price. The solid state construc- 
t~on, featuring magnetically coupled transistors and a 
floating ground, glves you an electronically protected 
amplil~er that should last and last. 

The Linear Bias Switch allows you to operate on either 
FM or SSB. The 702 and 7028 are exceptionally well 
suited for 2-meter SSB. Typical power output levels as 
high as IOOW PEP can be achieved with the proper drive. 

The broad band frequency range means that your 
amplilier is immediately ready to use. No tuning is 
required for the entire 2-meter band and adjacent MARS 
channels on TPL's new &eno-&ne. 

See these great new additions to the TPL COM- 
MUNICATIONS product line at your favorite radio dealer. 

Call or write for prices and infor- 
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Brand New releases from 
Ham Radio's Bookstore 

SAGA OF THE 
VACUUM TUBE 

by Gerald E. J. Tyne 
This fascinating history of the 
vacuum tube is a must for 
anyone interested in the hlstory 
of electronics. This study not on- 
ly traces the history of the tube 
in the United States but also 
presents little-known informatlon 
gathered from French, English. 
Dutch and German pioneers. In 
494 pages this book covers elec- 
trlcal developments prior to 1880 
and concludes with broad- 
casting's early days in the 1920's 
and 30's. A ten-page index of 
tube types, historical 
photographs, and diagrams are 
also included. A new book every 
hobbyist or collector will 
thoroughly enjoy! 

Order 21470 Only $9.95 

THE BEGINNER'S 
BOOK 
(Introduction to Micro- 
computers - Volume 0) 
A brand new book written 
espec~ally for the beginner. 
"Know nothings" can gain a 
basic understanding, ask ques- 
tions and then decide intelli. 
gently where to go next. "The 
Beginners Book" simply breaks 
down the specifics of a system. 
its options and purpose. There's 
also a fine introduction to micro- 
computer logic. Written in a 
clear, easy to understand style. 
At last! Thls is your chance to 
know what's going on with 
microcomputers. 

Order AO-6001 J U S ~  $7.50 

OR MAIL ORDER TO: 
HAM RADIO'S 

COMMUNICATIONS BOOKSTORE 

BEGINNER'S GUIDE 
TO MICROPROCESSORS 

by Charles M .  Gilmore. W81AI 
Just released! Wr~tten especially for 
the beginner - or just anyone who 
wants to know more about com- 
puters. Along with the 
microprocessor basics, this guide ex- 
plains the programming of TV Games, 
calculators, turntables, micro-wave 
ovens, automotive systems con- 
trollers and small computers. A great 
introduction to microprocessors. 

Order T.995 Only $5.95 

MASTER HANDBOOK 
OF HAM RADIO 
CIRCUITS 

by Editors of 73 Magazine 
Circuits galore! This circuit "en- 
cycloped~a" offers Ham operators a 
great reference to old-standbys, com- 
pletely new circuits, and even varia- 
tions on tried and true ones. Whether 
you're a novice or extra class this will 
gtve you all the circuits you would 
ever need. 

Order 1.801 NOW J U S ~  $8.95 

1978 HAM'S ALMANAC 
Look ahead in 1978. Propagation 
forecasts, complete DXing facts, fre- 
quency allocations, NOAA Weather 
Radio Stations. OSCAR facts and 
much, much more. Information ap- 
plicable to virtually all the contiguous 
48 states. Full of fun and great infor- 
mation this year's Almanac is one of 
the greatest ever. 

Order ALK-ALM $3.30 

Address 
City 
State Zip 

MRADK) 1 Year ... 12 issues ... $10.00 bRIUONS " 3 Yea IS... 36 issues ... $21.00 SHIPPING - 35a n New LI Renewal 

GREENVILLE, NH 03048 

1 Year ... 52 issues ... $20.00 hp REPORT New El Renewal 

Name Catalog II 

Total Subscriptions 

Final Total 

Call I 
Title Qty. Price Total 



Your transceiver just met its 
match! 

For both balanced and unbal- 
anced output, Swan's new ST-I 
and ST-2 Antenna Timers put a 
reliable 50 Ohm source between 
your 160-10 meter transmitter.. . 
and virtually any type antenna 
system. 

Keeps them going steady. And 
puts something over on the 
transceiver in the bargain: Swan's 
advanced electronics make 10' of 
feeder line look like 50' to your 
equipment, with the impedance 
now leveled out. 

You can pull a few wires in 
transmission line options too. 
Feed coaxial cable only into the 
tuner; run twin-lead out to your 
antenna. .  .with no power 
penalties. 

Match Swan specs against any 
similar capability: 

Antenna input connections for 
unbalanced coaxial SO239 
random wire or balanced line 

New Swan Antenna Tuners: 
steady your impedance at  50 Ohms 

tuned feeders, with ceramic 
feedthrough. 
Built-in heavy duty 4: 1 balun, 
to  transform load impedance 
to 50-70 Ohms. 
Power-handling: 3 KW PEP. 
1.7 MHz through 30 MHz 
continuous frequency coverage 
tuning. 
Dimensions: 5'/2" H x 13" W x 
141/2'' D. 
Weight: 11.5 Ibs. 

Two on a match, comfortably 
priced. Snap in the ST-I Antenna 
Tuner if your rig now has a 
wattmeter o r  VSWR bridge in 
place. $189.95. 

Our  second ~riatchm;~ke~.. (he 
ST-2 has two built-in meters 

added for monitoring your output. 
One reads forward power to 
2,000 watts,  while the other 
reads reflected power to 200 watts. 
Simultaneously. $249.95. 

Now available at  your Swan 
dealer, or factory-direct - both 
honor your Swan Credit Card (or 
can supply you with an application 
without delay.) 
r------------------------ 1 

I Please rush full information for Swan 
I ST-l and ST-2 Antenna finers. I 

I Include an applicauon form for a Swan : 
I Credit Card. I 
I I 

I 
Name I 

I I 
I Address I I 
I I 
I City I 
I I 

I State Zip- I I 

u .I. I. . .I , . ,r\  , . I ,  ,,I,,< <I1,II1lI.,,,rln 

305 Airport Road. Oceanside. CA 92054 
Swan'. rnnlmnumny n,mmitmmt to prndurl tmprovrmmt 

mas n1I~r.t slr.c#ltcatlllnr m d  prtcr, wvlhbe! sotlcc 
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high voltage fuses in 
linear amplifiers 

The addition of two short pieces of 
wire to many linear amplifiers will pro- 
tect expensive components from 
damage in case of an arc-over or 
short in the high voltage circuit. Most 
high-voltage power supplies are 
fused in the primary circuit only, and 
a failure in the amplifier can destroy 
the rectifier string, grid, and plate 
current meters long before the 
primary fuse can open. 

The partial circuit shown in fig. 1 is 
a typical grounded-grid amplifier with 
the plate meter in the negative lead of 
the power supply. Note that the 
negative side of the power supply is 

not directly grounded. The ground 
path goes through both the grid and 
plate meters. If capacitor C2 shorts 
out, the short circuit current will go 
through both meters and, if the filter 
capacitor, C1, is large, this current 
can have an instantaneous peak of 
hundreds of amperes. Such a failure 
will surely destroy the meters and will 
very likely destroy the rectifier string. 
The meter coils will be vaporized and, 
if the meters are sealed, the glass 
faceplates may blow out. 

The solution is to add high voltage 
fuses F1 and F2. Each fuse consists 
of a short piece of no. 40 AWG 
(0.08mm) copper wire. This wire has 
a fusing current of 1.75 amperes, 
high enough that it should never 

/97 1 / 9 7  
AMPLIFIER I POWER SUPPLY 

fig. 1. High-voltage fuse circuit for linear amplifier power supplies. Care should be exer- 
cised during the installation of the two fuses, F1 and F2. F1 is in the actual high voltage 
path. 

open up under normal circum- 
stances, but low enough that it will 
blow in a hurry should a short or arc- 
over occur. Low voltage glass fuses 
must not be substituted in this appli- 
cation; they will explode when the in- 
ternal element vaporizes. They'll also 
take longer to open up fully as the va- 
porized element will sustain an arc 
until the glass breaks and allows it to 
dissipate. This delay, while probably 
no more than a few milliseconds, 
may be long enough to damage the 
meters. 

If resistors R1  and R2 are not pre- 
sent, they should also be added. 
Their purpose is to keep the negative 
lead of the power supply from going 
to a high negative potential with 
respect to ground should either of the 
meters or F2 open. They have no ef- 
fect on normal circuit operation since 
they are in parallel with the meters, 
whose resistance is a fraction of 
an ohm. 

In my homebrew 4-1000A linear, 
these fuse wires have blown twice 
due to arc-overs in the amplifier. On 
both occasions, they prevented 
damage to the power supply and 
meters, responding fast enough that 
the primary fuses did not blow at all. 
In seven years of heavy use, they 
have never failed during normal 
operation. I call that cheap insurance. 

John Becker, K9MM 
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SCR AND RELAY 

N E 5 6 7  - 
TONE DECODER I x 

--------- -- 
'CALL BUTTON' 

MPFlO2 

I I M  

- - - - - - A  TONE OUT 
TO MIC 

fig. 2. Schematic diagram of the source integrated-~ircuit 
follower connecting the NE567 decoder 
and the transmitter. The tone is available, oscillator 
for the transmitter, when the CALL button Many keyer circuits have appeared 
is pushed. i n  amateur radio publ icat ions 

(W7BBX, ham radio, April, 1976; 

dual-f unction 
integrated circuit 

The article "private-call system for 
vhf fm," ham radio, September, 
1977, required a separate tone oscil- 
lator be used by the initiating station. 
In reality, the NE567 tone decoder is 
actually already oscillating at the re- 
quired frequency. Fig. 2 shows a 
method of using this IC for both origi- 
nating the tone, and decoding it upon 
reception. 

Cal Sondgeroth, W9ZTK 

OR CIRCUIT 

INPUTS FROM 
KEY CIRCUITS 
AND HOLD 

WA5KPG, QST, January, 1976). 
Most use transistors for the oscillator 
or clock. When using ICs for the 
keyer, why not go all the way? A 
keyed IC oscillator is shown in fig. 3. 
The clock will start when the key is 
closed and can be held until the dot, 
dash, or space is completed. The 
trick is to use a 74L04. If you use a 
regular TTL IC, you will get micro- 
second pulses, instead of milli- 
second. Diodes CR1 and CR2 pre- 
vent the first pulse from being dif- 
ferent than the next; the 250pF 

, 
CLOCK 

ON 
LATCH 

fig. 3. Schematic diagram of the keyer oscillator. U1 is an SN7400, while U2 is an SN74L04. 
The diodes on the input of U2A form an OR gate that controls the oscillator. These inputs 
can be used to keep the oscillator running, providing the self-completing feature. The 
time constant, as determined by C1 and R1, is 4 mS; this is the width of the clock pulse. 
The values for C2, R2, and R3 give a pulse repetition time of 50 to 95 mS, which equates to 
approximately 12 to24 words per minute. For higher speeds, C2 and R2 can be reduced. 

capacitor on the output is necessary 
to prevent noise spikes from falsely 
triggering the keyer circuits. 

J. T. Miller, WBGVZW 

wire-wound 
potentiometer repair 

Exact replacement units for those 
expensive wire-wound pots are often 
difficult to find. This factor makes 
repair of the defective control at- 
tractive. 

The winding is repaired by bridging 
the opening with a small strip of thin- 

METAL STRIP 4 0 7 OPEN WINDING 

fig. 4. The open winding of a wire-wound 
potentiometer can be repaired by inserting 
a small metal strip between the winding 
and the outer insulation. 

sheet metal as shown in fig. 4. One 
possible material is the metal from a 
tin can. Cut the strip slightly shorter 
than the element width, and wider 
than the break in the winding. Curve 
the metal strip to conform with the 
shape of the resistance element. 

With power off, remove the rear 
cover to expose the wire resistance 
element. The opening in the winding 
is often evident by discoloration from 
overheating. Otherwise, it may be 
located by activating the equipment 
and adjusting the control knob to the 
setting where abnormal noise or 
other faulty performance occurs. The 
defect is now located directly under 
the movable wiper contact. Near the 
break, gently pry the resistance ele- 
ment away from the outer insulation 
using a thin screwdriver or knife 
point. This will permit starting the 
bridging strip into the opening. Now, 
press the strip behind the resistance 
element so that it does not interfere 
with free operation of the slider, or 
cover replacement. 

Gene Brizendine, W4ATE 
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Anpwhsrs ~n US. 
Anrpon to AlrpWt (36 
Alas*. and Hmm#l Slihl lv HlOher 

New! Sigma Model AF250L 
Deviation/Modulation Meter ,,,, , ,,,, ,,, ,,,, 
Fullv Certifiable for Commercial Us8 

Extremely stmble loul 0.c11lwor lor eaw m u a u m n t  04 HF. VHF. and U H F  bands 
ernployon0 nspat~ve I m c k  lo ansun enmmely hlph mabllotyo Emsvlotud.  curate 
lonear rcsls 6 D i m  ofl th. ah .bnd muwmmml upbi lhv.  

Frequency. 1.8MHZ-520MHZl3 range select (A. 0. C. EXT). A range: 26.5 MHz-40MHZ. B range 48MHZ-60MHZ. C ranqe I40MHZ156MHZ. 
EXT range: 1 8MHZ-520MHZ (Need S~gnal  Generator)-Generous overranges-Input level (1) Through type ~npo t  level IW-200W (RF Input l c r -  
r n~na l )  ( 2 )  D ~ r e c l  input level More  than 80db i50ohrn ~rnpedance.  Amplr lude rnodu la l~on  degree 0.100%. Frequrncy dev~a l l on ,  
0-2OKHZ. Accuracy: + ,-3% of lu l l  scale. lnlerrned~ale frequency: 10.7MHZ Local lnput frequency (EX1 Range). Measuring lrequency 
+ !-10.7MHZ. RF Atlenuator. 0-60db vanable. Aud~o s~gnal osc~l lalor (1) Aud~o  Fre uency-1.000HZ (1 KHz). (2) Output level-More than 1V 
RMS. Power Source ACt17V. D~rnens~ons.  H-5'h" (140rnm). W-101/1" (260rnrn). 8-7!.4" (184rnrn). Welghl 7 Ibs 

S I G M A  RF-2000 SWR & POWER METER GO PRIVATE! on mnen with Touch ton. pad Iencmt)rl actuatW 
Outets your receavar unul other slal8on 

c.1  PWR sak 2 2 0 0 ~ -  the FMTD-1. sends private 3 dqncods. selected from 
xaDw F r q  Rang. 3 6. 
160 MHz.  Pkam do rm 

front panel 999 Channafr RecarMr 
mo1u.a t h  R F 2 O m  rnth 

can be muled or wened manually ar 
- .,rnrlar .pp.rang l a r  0 8  COD^ PUCT 

remotely w~th a touch Ions pad Brlpht 

p r s d  unlls R F 2 W  oman led's tnd~cate mulong and reset. Slaleol 
om,vdu.llv ~alnbratsd ON(mfl m m  the an dfgolal e~rcu~try  Works wttlr the 
pcoless~on.1 gu.l#lv UDK FMZ015Ror snvZ.merern@ 5pm 

I 8 '  I I Plll l r l ~n.,rY""nl unqu.1.d .t 
n ~ n v  limes the prc. Snre 

don plug suppl~ed Soza 6h"D r6'h'Wr 

Shrppmg Anpvhcrc I I 7" 1-1. 2 1/3"fd1 SPECIAL INTRODUCTORY PRICE 675- "" wt OZ 

FMUF I Oll>e1 Oyimun Kml I k a l r a  

Posct8onr Crystals R s q u # ! d  6 1 0  FM50-1 OSXRll 
FMOF 2 1 MHz 0111.I Opllorl K1I IN0 REG 6389 SPECIAL SALE S289 

Reg 5159.95-5125 

AMATEUR-WHOLESALE ELECTRONICS 
8817 S.W. 129th Terrace. Miami. Florida 33176 

Telephone: (305) 233-3631 - Telex 51-5628 Slore Hours: 10-5 M0n.-Fri. 
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'NEW! 
THE FUTURE NOW! 

FM2015R Doer Your Unit Cover The New 
Sub-band 144.5 - 145.5 MHz? 
The FM2015R Does. PLUS MARS-CAPI* 

All Solid State-CMOS PL digital synthesized - No Crystals to Buy! 5KHz steps - 144-149 
MHz-LED digital readout PLUS MARS-CAP and MULTIPLE OFFSET." 
5 MHz Band Coverage - 1000 Channels (instead of the usual 2MHz to 4MHz-400 

to 800  Channels) a 4 CHANNEL RAM IC MEMORY WITH SCANNING 
MULTIPLE FREQUENCY OFFSETS ELECTRONIC AUTO TUNING -TRANSMIT 
AND RECEIVE a INTERNAL MULTIPURPOSE TONE OSCILLATOR RIT 
DISCRIMINATOR METER - 15 Watts Output - Unequaled Receiver Sensitivity and 
Selectivity - 15  POLE FILTER, MONOLITHIC CRYSTAL FILTER AND 
AUTOMATIC TUNED RECEIVER FRONT END, COMPARE1 *Superb Engineering 
and Superior Commercial Avionics Grade Quality and Construction Second to 
None at ANY PRICE. 

INTRODUCTORY 
PRICE 

phone wltn BU~II-m 

$3990° T O U C ~  ~ a a  
WHY BUY LESS? 

THE FMMC-1 
HAS IT ALL1 

R.pulated AC/PS Nawl Auto kay.up 

Modal FMPS-4R.. . e4B.W .LED ~ndcalor 
a ~ d ,  brsl and I on  

k.. a use wltn .nr 
4 ,l.n.Cel"bl 

a Only 3 3,4" "2 '  

84s- 
FREQUENCY RANGE: Receive and Transmit: 144.00to 148.995 features which ara found in only the most wphimiwted and 
MHz. 5Khz steps (1000 channels )INCLUDING NEW BAND 1M.5- expens~ve atrcratt and commercial transceivers. 
145.5MHz + MARS-CAP and MULTIPLE OFFSET ' TRUE FM: Not phasemodulat~on -lasuperbemphmizd hi-fiaudio 
l LED DIGITAL READOUT. qual~ty second to none. 
a 4CHANNEL RAM SCANNER WITHICMEMORY:Propmrnany4 a RIT CONTROL. Used to improve clarily whan conmcliw SIafiOnl 

lrequenctes and reprogram at any llme "song the front panel wtth off frequency carrier. 
controls-search tor occupled (closed) channel or vacant (open) a MONITOR LAMPS. 2 LED'S on front panel indicate (1) incomiw 
channels. Internal NI-Cad included to retaln memory (no dtode s~gnal-channel busy. and (2) Transmit. 
matrlx to wore or change). FULLY REGULATED INTEGRAL POWER SUPPLY: Operatiw 

a MULTIPLE FREQUENCY OFFSETS: Thrw pwitions A.B.C. voltage for all 9v c~rcu~ts  ~ndependently regulated. Masriw 
prov~ded for ~nstallat~on of optional crvstals: EXAMPLE - 1 MHz Commerc~al Hash Filter. 
ollsel Duplex Frequency Offset Buolt in - 600 Khz PLUS or MINUS 5 a MODULAR COMMERCIAL GRADE CONSTRUCTION: 8 
KHz steps. plus simplex, any frequency. Un~tnzed modules el~mlnate stray coupllw and facilitate ease Of 
INTERNAL MULTIPURPOSE TONE OSCILUTOR BUILT IN: malntenance. 
1750Hz tone burs1 for "wh~stle on opera1aon"and sub-audible tons ACCESSORY SOCKET: Fully Wired for touch tOfW, ph0W Patch. 
operatoon poss~ble by slmply addfng a capac~tor across the terminals and other accessor~es. Internal swltch connects recsivar output to 
provtded. internai 2 posltton sw~tch lor automaf~c and manual ~nternal speaker when connector IS not ~n use. 
operation, tone burst or sub aud~ble tone PL - adjustable 60-203Hz a MULTI-PURPOSE METER. Trlple Funct~on Meter Rwidss  
11 DO Hz prov~ded). Dlscrtmmator Meter. "S" Reading on receive and Power Out on 
AIRCRAFT TYPE FREQUENCY SELECTOR. Large end small Transmit 
coaxially mounted knobs select 100KHz and 1OKHz steps RECEIVE. Bener than .25uv sens~tivily. 15 POLE FILTER a ~ w e l l  as 
respectovely. Switches cllck-stopped w ~ t h  a home posltlon facilitate n~ono l~ th~c  crystal f~lter and AUTOMATICTUNED LCcircuits Provide 
frequency chang~ng w~thout need to vlew LED'S whtle drivtng and superlor skin selectivlly - COMPARE1 
provldes the stghtless amateur m t h  full Braolle dial as standard a HIGH/LOW POWER OUTPUT. 15 wafts and 1 WOn, M c h  
equipment. selected. Low powsr may be adjusted anywhere bshween 1 and 15 
FULL AUTOMATIC TUNING OF RECEIVER FRONT EN0  AND watts Fully protected-shorl of open SWR. 
TRANSMllTER CIRCUITS: DC output of PLLfedtovaranordiodes a OTHER FEATURES. Dynam~c M~crophone built In speaker, mobile 
tn all front end RF tuned clrcu~ts prov~des lul l  sensltlvtty and mount. external 5 pin accessory jack, speaker lack, and much, much 
optimum 8ntermodulatlon rejection over theentire band. APC(AUT0 more. Sue 2'/2 x 7 x 7%. All cords, plugs. lusw. m~crophone hanger. 
POWER CONTROL). Keeps RF output constant from band edge to etc lncluded. Welght 5 Ibs. 
band edge. NO OTHER AMATEUR UNIT AT ANY PRICE has these 

Manufactured b y  one of the world's most distinguished Avionics manufacturers, Kyokuto Denshi Ksirha, Ltd. Raglorut S . ~ S  6 Semce c~nrwr 
First  in the  wor ld  w i t h  an all so l id  state 2 meter  FM transceiver. w-I r h  snw 

Rl."lO" men 
,80111Y.0991 !m AMATEUR-WHOLESALE ELECTRONICS ~ ~ - ~ i ~ ~ ~ ~ ~ ~ ~ ~ ' ~  EUI sanlord communr.ua~ 1% 

8817 S.W. 129th Terrace, Miami, Florida 33176 DEALER INQUIRIES INVITED. Loion,. N , 
,201I57. m 3  

Telephone (305) 233-3631 Telex: 51-5628 PLEASE ORDER FROM YOUR LOCAL M.d-9 Un'-l*- 

\ U.S. DISTRIBUTOR DEALER OR DIRECT IF UNAVAILABLE. :i";;%:z% J 
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products 
For l iterature o n  any o f  t he  new 
products ,  use  o u r  Check-Off 
service on  page 126. 

Heath Self-Instruction 
Microprocessor course 

- - -- . . ,. 

Heath Company has introduced 
its ET-3400lEE-3401 microprocessor 
learning system. The EE-3401 self- 
instructional course employs Heath's 
individualized learning techniques to 
instruct the student in microproces- 
sor operation, interfacing, and pro- 
gramming. The accompanying hard- 
ware and software experiments pro- 
vide valuable hands-on experience 
via the ET-3400 microprocessor 
trainer. 

Instructional materials in micro- 

EE-3401 microprocessor course and 
ET-3400 microprocessor trainer, 
mail-order priced a t  $89.95 and 
$189.95 respectively, write for a free 
catalog to Heath Company, Depart- 
ment 350-460, Benton Harbor, Mich- 
igan 49022. 

multi-family high-speed 
logic probe 

Continental Specialties Corpora- 
tion has announced the addition of 
the multi-family, high-speed Logic 
Probe 3 to its expanding, popular line 
of prototyping and test equipment. A 
more advanced version of the com- 
pany's popular Logic Probe 1, the 
LP-3 provides precise indications of 
static and dynamic circuit conditions. 

Drawing power from the circuit 
under test, the LP-3 offers pulse de- 
tection, pulse stretching and latching 
(memory) capabilities, for an instant 
readout of logic levels; positive and 
negative transitions or pulse symme- 
try. The LP-3 also provides positive 
indication of one-shot and low-rep- 

ic levels present in the circuit. At  high 
frequencies, the LP-3 will also indi- 
cate whether signals are symmetrical. 
Pulse trains with duty cycles of less 
than 30 per cent will activate the LO 
LED and PULSE LED, while duty  
cycles of 70 per cent or more will acti- 
vate the HI LED, in addition to  the 
PULSE LED. The LP-3's high input im- 
pedance (500k), which is constant in 
all logic states, prevents circuit load- 
ing problems in both TTLIDTL and 
CMOS ranges. 

The LP-3 also features a plug-in 
connector system for additional ver- 
satility. The plastic housing is equip- 
ped wi th  phone jack connector, 
which accepts the unit's standard 36 
inch (91cm) clip-leads. The front of 
the LP-3 accommodates plug-in, in- 
terchangeable tips, including a 
straight needle probe, alligator clip, 
quick-attaching insulated clip, as well 
as a ground lead. At  $69.95, it also 
represents a major cost breakthrough 
in high-speed digital testing. The ver- 
satile LP-3 is a compact, 5.8 x 1.0 x 
0.7 inch (147~25~18mm). portable, 
easy-to-use instrument for all types of 
design, testing, and troubleshooting 
applications. 

For more information, contact 
Continental Specialties Corporation, 
44 Kendall Street, Box 1942, New 
Haven, Connecticut 06509. 

quartz technology 
manual 

processor operation and design, ap- rate events via its latching function. 
plications, machine language pro- Even though the LP-3 is highly ac- 
gramming, hardware, 110 interfac- curate (within 0.15V or less), it re- - 
ing, and much more, are all featured quires no calibration or other ad- 
in the EE-3401 microprocessor justments. 
course. The ET-3400 trainer features Incorporating special circuitry de- 
the popular 6800 microprocessor, signed for use with high-speed logic, I!: 

256 bytes of RAM (expandable to the LP-3 allows detection of pulses as 
512 bytes), a I k  ROM monitor, and short as 10 nanoseconds. I n  the A new Quartz Technology Manual 
6-digit hexadecimal display and key- PULSE mode, a built-in pulse stretch- has just been released by Sentry 
board. Breadboarding sockets permit er causes the PULSE LED to  blink at a Manufacturing Company, a leader in 
fast construction of experiments and 10 Hz rate, indicating pulse transi- quartz-crystal frequency control for 
special prototype circuits. tions. Two level-detector LED'S, HI quality communications and time- 

For further information on the (logic 1) and LO (logic 0) indicate log- base standards. The 150-page man- 
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ual takes the mystery out  of  under- 
standing and using quartz crystals. It 
also includes t he  mos t  complete 
military-specification summary ever 
published, t o  simplify military-equip- 
ment design. 

This handy Sentry reference helps 
you specify what you need for your 
commercial two-way, Marine, air- 
craft, public service, ham-radio, and 
monitor equipment. For those CB en- 
thusiasts w h o  want  a 40-channel 
set, the manual includes a compre- 
henslve compi lat ion o f  f requency 
charts for 23-channel rigs so you can 
tell what crystals you need to  convert 
it t o  40-channel use. Also, the manual 
includes a section on how t o  under- 
stand and use quartz digital clocks. 

The first printing is only 20,000 
copies. Send a check or money order 
today for $2.95 (includes postage and 
handling) t o  be sure of receiving a 
first-edition copy. Wri te t o  Sentry 
Manufacturing Company, J im Ben- 
nett, Sales Manager, Crystal Park, 
Chickasha, Oklahoma 73018. 

morse to video 
converter 

DGM Electronics has recently in- 
troduced the MVD-1000 Morse Video 
Display. The MVD-1000 connects be- 
tween your station receiver and video 
monitor, or slightly modified televi- 
sion receiver to  provide a complete 
6-60 wpm morse code receiving sys- 
tem. The Morse code audio signal 
f rom the speaker terminals or phone 
jack is converted t o  a standard com- 
posite video signal which can be used 
to  drive a video monitor or the video 
amplifier of  a television receiver. 

The unit  displays 16 lines of 32 
characters per page wi th  t w o  pages 

Learn the truth about your antenna. 

Find its resonant frequency. 

Adjust it to your operating frequency quickly 
and easily. 

If there Is one place in your station where you cannot risk uncertain results 
it is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you if your antenna is 
resonant or not and, if i t  is not, whether It Is too long or too short. All this 
In one measurement reading. And It works just as well with 
ham-band-only receivers as with general coverage equipment because it 
gives perfect null readingseven when theantenna is not resonant. It gives 
resistance and reactance readings on dipoles, inverted Vees, quads, 
beams multiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 
Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Get the instrument that really works, the 
Palomar Engineers R-X Noise Bridge.Use it to check your antennas from1 
to 100 MHz. And use it in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 

The price Is $49.95 and we deliver postpaid anywhere In the U.S. and 
Canada. California residents add sales tax. 

Italy write iZVTT, P.O. Box 37, 22063 Cantu. Elsewhere send $52.00 
(U.S.) for air parcel post delivery worldwide. 

Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! 
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ELECTRONICS 

, lii%cTmle- 
'- - 

unter Without Ihr Sacrtiicc of Har~r Pcrlttrmrnce 
"Check the features we have that some other low cost counters don't have." 

.All Mela1 Cabmet Sens,t,vitv410 MV *Complstaly Auto Decimal Point 
-8 Digit?)" LEO Olsplay -115V or 12V Operation .Sslsctibia Gats Tlrnss I t  IM & .t rc) 
mlnput Cabla Included .Push gunon Controls ( .State o( the Art LSI Circuitry 
01ZV Input Jack .Gale Light .Crystal T~me Bas. I1 ppm sfler sa1.l 

7208K 600 MHz K;T . . . $149.95 7208A Assembled.. . . $199 95 
OPTIONS.. . . 
011 Portable wlN1.C.d 8atr.ry (9uilt.in Charg.1 . . . . . . . . . ,539.95 - 
021 Crystal Oven (1 ppm 0 to 60°CI $37 95 031 nandls . . . $5.00 vM 

-1 DAVIS ELECTRONICS 636 Sheridan Dr.,Tonawanda. NY 14150 7 1 6 / 8 l t l B t B  

WHEN QRM RAGES AND THE PILE-UPS DEEPEN, 
WOULDNT YOU LIKE TO HAVE.. . 

ALL THE ROCK-CRUSHING POWER YOUR LICENSE ALLOWS - onallmodes - with noneed 
to 'baby' your linear, no duly cycle or time lhmit at all? 
INSTANT BANOCHANGE 'NO-TUNE-UP' all the way from 10 through 80 meters, with the 
exclusive ALPHA 3747 
COVERAGE ALL THE WAY DOWN TO 180 METERS with the smooth-tuning, extra-rugged 
ALPHA 78 powerhouse? 

W CRISP. PENETRATING "TALK POWER" - as much as 10 dB extra to 'punch thrwgh' when 
the going gets really tough, with the ALPHAIVOMAX split band speech processor? It's as 
effective as the best rt phcessor, lower in distortion, and very easy to use withany rig! 
TI& PROTECTION OF A FACTORY WARRANTY THAT RUNS A FULL 18 MONTHS - six 
rimes as long as competitive units7 IETO tries t o  bulld evew ALPHA t o  last forever . . . and 
we're making progress: not one single case of ALPHA 78,nD. or 374 power trensformer 
failure has ever been reported11 
THE PURE PLEASURE OF OWNING ALPHA7 

ALPHA . SURE YOU CAN BUY A CHEAPER LINEAR - 
BUT IS THAT REALLY WHAT YOU WANT? 

START ENJOYING THE ALPHA EDGE NOW. Call or visit your nearest ALPHAIETO dealer, or 
€TO direct, right away, and you can have prompt delivery of y w r  new ALPHA linear empliimr 
and ALPHAIVOMAX processor. While you're at it, ask for illustrated literature describing all 
ALPHA products in detail, as well as a copy of "Everything You Ahvays Wanted to Know About 
/Comparing/ Linean. . . But Didn't Know Whom to Ask. " 

of displays. When the screen is full, 
automatic scrolling shifts all lines up 
one line causing the top line to be 
stored on the second page, allowing 
new characters to be written on the 
bottom line. The recall feature allows 
you to look at the second page while 
still copying incoming code on the 
first page. The unit will copy letters, 
numbers, punctuations, and five spe- 
cial characters for a total of 51 de- 
coded Morse characters. 

Automatic and manual speed 
tracking are provided to accommo- 
date wide variations in the Morse 
code signal. A 4-pole active filter pro- 
vides a 200-Hz bandwidth for excel- 
lent QRM rejection. A practice input 
is also provided, for a straight key or 
keyer output, to allow the user to 
practice sending while displaying 
what is sent on the display. This fea- 
ture is very helpful in learning the 
Morse code and increasing your 
sending and receiving speed. 

The unit is housed in an attractive 
3 x 10 x 10 inch (7.6x25x25cm) case 
with a gray wrinkle finish cover and a 
brushed aluminum front panel. The 
MVD-1000 Morse Video Display is 
priced at only $350.00 postpaid, from 
DGM Electronics, 787 Briar Lane, 
Beloit, Wisconsin 5351 1. 

electronic equipment 
and kits catalog 

A new 36-page factory mail-order 
catalog of electronic equipment and 
kits is now available from Caringella 
Electronics, Incorporated. Many 
hard-to-find products, all manufac- 
tured by Caringella Electronics, are 
listed in the catalog. Among the 
many unique items found in the cata- 
log are a WWV standard-time receiv- 
er, panel-mount digital clocks with 
and without BCD outputs and day- 
of-year calendar, giant digital wall 
clock, audio compressors, and elec- 
tronic security alarms. 

More than just an ordinary catalog, 
the format has been designed to take 
the guesswork out of buying! Each 



product is completely described with 
all technical specifications, a photo- 
graph, application information, sche- 
matic diagram, and a complete de- 
scription of how each unit works. 

The new free 36-page factory 
mail-order catalog may be obtained 
from the factory by writing to Car- 
ingella Electronics, Incorporated, 
Post Office Box 727, Upland, Cali- 
fornia 91786. 

~ e k o o d  TS-520s 
Transceiver 

Trio-Kenwood has recently intro- 
duced the new TS-520s hf trans- 
ceiver. It retains the f ield-proven 
characteristics of the popular TS- 
520, and incorporates many of the 
ideas, comments, and suggestions 
for improvement f rom amateurs 
worldwide. 

The first major difference t o  be 
seen in the TS-520s is its full-band 
coverage, including 160 meters. Of 
course, transverters for  6 and 2 
meters can also be used with the 
TS-520s. Provisions for attaching a 
digital display (model DG-5) have 
been included on the back panel. The 
DG-5 contains 6 digits which dis- 
play your operating frequency while 
you transmit and receive. 

Other new features of the TS- 
520s include an rf attenuator; new, 
improved speech processor; vernier 
tuning for final plate control; and a 
new monoscale analog dial. The TS- 
520s is completely self-contained 
with a built-in ac power supply. The 
addition of the DS-1A dc to dc con- 
verter (optional) permits mobile op- 
eration of the TS-520s. The trans- 
ceiver also has two convenient RCA- 
type phono jacks on the rear panel, 

DIGITRAN*' Keyboard 
Output Level Set Pot 
Crystal Controlled-Digitally 
Synthesized Tones 
Strapping for Hi-Low Z Output 
Internal 5 V. Regulator 
Supply Voltage Range 7 to 24 V 
RFI Suppression 
Velcro and Case Included 
Size 2.80 - 2.00 - 0.60 Inches 

$54.95 
POSTPAID 
IN  U.S.A. 

TEXAS RESIDENTS 
ADD 5 %  SALES TAX 

CHECK OR M.O. 
SEE UP-COMING AD FOR NEW 

AUTOMATIC UNIT ATD-70 
2 NUMBERS, FIELD PROGRAM. 

MABLE 579 95 

SATISFACTION 
GUARANTEED 

CLENG ELECTRONICS COMPANY 

BOX 12171 DALLAS , T E X A S  7 5 2 2 5  
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Finally! Superior 8-Pole CW Selectivity for 
Drake TR-4, TR4C. TR-4 Cw itention: 
>w I48 .I Mb. s a  " I  .I uno r.t. OR." uol. *Ira<" mu *m* ',"l,l,* 4" .I 
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At Last! Superior 8-Pole CW Selectivity for ~ f f 0 r  p! 
Kenwood TS-820 
1M nr I? I ir arl .c lm e'O , a r  If 4- "11 - - Cum WU Y a m  M l r  9- 

All filters conta~n 
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600 H i  6-Pole First-IF Filter for Drake R4C Shrrwood Enginering k 
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1288 South Ogden St. 

CI mm s7sm pH.,.7 ,rim .,, I R ~  Denver. Colo. 80210 
125 HZ 8-Pole Second-IF Filter for Drake R-4C (303) 722-2257 
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-QUALITY KENWOOD TRANSCEIVERS 
. . .  from KLAUS RADIO 

The TS820S is the r ig  that Is 
the talk of the Ham Bands. Too 
many built-in features to  list here. 
What a r ig  and only $1048.00 ppd. 
in U.S.A. Many accessories are 
also available t o  increase your 
operating pleasure and station 
versatility. TS-820s 

160-10M TRANSCEIVER 

Super 2.rneter operating capability 
is yours with this ultimate design. 
Operates al l  modes: SSB (upper 
& lower), FM. AM and CW. 4 MHz 
coverage (144 to 148 MHz). The 
combination of this unit's many 
exciting features with the quality 
& reliability that is Inherent in 

TS-700s Kenwood equipment Is yours for 
2M TRANSCEIVER only $679.00 ppd. in U S A .  

Guess which transceiver has made 
the Kenwood name near and dear 
to Amateur operators, probably 
more than any other piece of 
equipment7 That's right, the TS- 
520s. Reliability is the name of 
this r ig  in capital letters. 80 thru 
10 meters with many, many built- 
in features for only $649.00 ppd. 
in U.S.A. 80-10M TRANSCEIVER 

This brand new mobile transceiver 
(TR-7400A) with the astonishing 
price tag Is causing quite a corn. 
motion. Two meters with 25W or 
10W output (selectable), digital 
read.out. 144 through 148 MHz 
and 800 channels are some of the 
features- that make this such a 

TR-74WA great buy at $399.00 ppd. i n  U.S.A. 
2M MOBILE TRANSCEIVER 

Send SASE NOW for detailed info on these systems as well as on many other fine 
lines. Or, better still, visit our store Monday thru Friday from 8:00 a.m. thru 5 0 0  p.m. 
The Amateurs at  Klaus Radio are here to assist you in the selectlon of the optimum 
unit to fuilfi l l your needs. 

M A U S  RADiO in,. 
8400 N. Pioneer Parkway, Peoria, IL 61 614 
Jim Plack W9NWE - Phone 309-691-4840 

C 

labeled Phone Patch In and Phone 
Patch Out, for quick, easy, hookup 
of almost any phone patch. For CW 
buffs, the CW-520 500-Hz filter can 
be easily installed and will provide 
improved selectivity on CW. 

In addition to  the DG-5 and CW- 
520, other accessories such as an ex- 
ternal vfo (VFO-520s) and external 
speaker (SP-520) are also available to 
make a complete station which any 
amateur would be proud to own. 
These and other Kenwood Products 
are available from authorized Trio- 
Kenwood dealers throughout the 
United States. For a list of authorized 
dealers and more information on the 
TS-520S, write Trio-Kenwood Com- 
munications, Inc., 11 11 West Walnut 
Street, Compton, California 90220. 

The Low and Medium 
Frequency Radio 
Scrapbook 

The frequencies below the 160- 
meter amateur band were the cradle 
of amateur radio until hams were 
exiled to the "useless" short waves. 
A number of experimenters are prob- 
ing the world between 10 kHz and 
1600 kHz. Here, through a little- 
known provision of FCC regulations, 
experimenters are permitted t o  
operate unlicensed transmitters. 
Operation is presently limited to a 
power of only one watt and antennas 
smaller than ten feet (3 meters) but 
that is adequate for  radio com- 
munications out to several hundred 
miles when conditions are good. 

The transmitting restrictions only 
increase the challenge and fascina- 
tion of these all-but-ignored frequen- 
cies. Low-frequency experimenters 
have rediscovered the thrill of the 
earliest days of our hobby when 
transoceanic DX was a pipe dream, 
and real-life DX records were well 
under 100 miles. 

Ken Cornell, W21MB, has put a 
time machine between two covers. 
His book describes loose couplers, 
honeycomb coils, absorption wave- 
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meters, and classic loop designs - all 
of which were mainstays of the wire- 
less pioneers and still serve effectively 
today. On the other hand, Cornell in- 
cludes IC and modern filter tech- 
nologies in the endless quest for 
transmitter efficiency and the con- 
quest of the plague of all low- 
frequencies - man-made noise. 

The book includes dozens of sim- 
ple circuits and diagrams for elec- 
tronic and mechanical station com- 
ponents - most using readily avail- 
able parts. Indeed, some experimen- 
ters might label W21MB's vacuum 
tube circuits as technological 
dinosaurs, but they are time-tested, 
flexible, forgiving, amateur favorites. 
An objective look also reveals that ef- 
ficient low-frequency vacuum tubes 
are plentiful and inexpensive. In an 
age of black boxes and IC chips, who 
can deny the nitty-gritty, hands-on 
learning opportunities of basic, dis- 
crete-component construction? Cor- 
nell does include many solid-state cir- 
cuits, but the emphasis is clearly on 
proven tube techniques. 

This is an informal experimenter's 
scrapbook with a unique format. It is 
pre-punched so you can conveniently 
keep it in a standard three-ring binder 
along with your own collection of 
notes, catalogs, and article clippings. 
The book has no fancy printing or 
polished professional prose; but it is a 
straightforward collection of one 
man's views, tips, experiences, and 
suggestions gleaned from years of 
actual on-the-air experimentation. 

Of particular interest are the 
author's chapters on converting low- 
cost military surplus equipment; con- 
struction of receiver converters for 
the most popular 160- to 190-kHz 
band, excerpts from the relevant FCC 
regulations, and perhaps most useful 
of all, comprehensive details on the 
design and winding of low-frequency 
coils. 

Sof t  cover, 110 pages, $6.95 
postpaid from Ham Radio's Com- 
munications Bookstore, Greenville, 
New Hampshire 03048. Order catalog 
number HR-LF. 

INTRODUCES THE 

@ More Channels ... at the flip of a switch 
Unlock the unique mode switch and 12 channels 
become 144 

@ More Sensitivity, Less Interference. 
.25 pV Sensitivity plus 75 db adjacent channel 
selectivity and 70 db image rejection 

@ More Power Out 
35 watts nominal with a minimum of 30 watts 
across the band 

. . . for a lot less 

Amateur Net 

INC. 7707 Records Street 
Indianapolis, Indiana 46226 

a THE FM LEADER 
u 

2 METER 220 MHz 
6 METER 440 MHz 
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TEN-TEC CENTURY 21 GOES DIGITAL! 
Century 21, the exciting 70-watt, 5band CW transceiver 

that surprised eveyone with its super performance and low 
cost, has another surprise for you. A second model with 
digital readout (and a mod kit for those who would like to 
convert their dial model). Both Models 570 and 574 have 
the same unique circuity that has won raves from 
everyone - both have the same fine features: 
*Direct Frequency Readout (Model 574: 5 red LED digits. 
0.3" high. accurate to nearest 1 kHz. Model 570: marked in 5 
kHz increments from 0-500 kHz. MHz markings for each band 
displayed, tuning rate typically 17 kHz per tuning knob turn. 

Full Break-In Full Band Coverage on 3. 5, 7. 14.21 MHz 
Bands. 1 MHz on 28 MHz Band 70 Watts Input Total 
Solid-State Receives SSB and CW Receiver Sensitivity 1 
pV Instant Band Change. No Tune-up Offset Receiver 
Tuning 3-Position Selectivity Adjustable Sidetone Level 

Linear Crystal-Mixed VFO Overload Protection Built-In 
AC Power Supply Black & Gray Styling HWD: 6%" x 12%" 
x 1 2 .  15% Ibs. Matching Accessories 

THE RECEIVER. Double-Direct-Convenion. Easy 
tuning. Just select the frequency and set the audio level. 
Excellent cross-modulation characteristics. Offset tuning so 
you can tune either side of zero beat to reduce QRM. Front 
panel control selects one of 3 selectivity curves: 2.5 kHz 
for SSB reception, 1 kHz for normal CW, and 500 Hz for 
when the QRM gets rough. Plus separate AF and RF 
controls, headphone jack, and built-in speaker. 

THE TRANSMITIER. Total sdid-state. Push-pull Class 
C final amplifier. individual low-pass filters are switched 
into the antenna line to reduce unwanted radiations, 
minimize TVI. No tune-up needed when changing 
frequencies or bands. And full break-in allows incoming 
signals to be heard between transmitted characters. 
Now CW is real conversation! 

THE VFO. Common to receiver and transmitter. 
Permeability tuned. Linear scale on model 570; 5-5.5 MHz 
basic frequency is cystal-mixed to the desired frequency 
so bandspread and stabili are the same on an bands 
(cystals included for 3 .5 .7  14, 21, and 28-285 MHz 
segment of the 10 meter band). 

THE POWER SUPPLY. Built-in. AC operated, and 
regulated. Monitors current demand, shuts down 
automatically when necessay for protection. Lighted input 
current meter shows proper Drive setting. 

MATCHING ACCESSORIES. Model 277 Antenna 
Tuner/SWR Meter. Model 670 Electronic Keyer, 6-50 
wpm, self-completing characters. Model 276 Calibrator for 
markers at evey 25  and 100 kHz. Model 273 Cystal 
for 28.5-29 MHz. Model 1170 12 VDC Circuit Breaker for 
mobile operation of models 574 and 570. 

574 Century 21 Digital Transceiver $399.00 
570 Century 21  Non-Di 'tal Transceiver $299.00 W 277 Antenna Tuner/SW Meter $ 85.00 
670 Canturu 21 Keuer $ 29.00 - . - - - . . . -. 
276 ~en tu r ;  21 ~ G b r a t o r  $ 29.00 
273 Cystal for 28.5-29 MHz $ 5.00 
274 Digital Mod. Kit for Model 570 $ 90.00 
1170 DC Circuit Breaker $ 8.75 

See  both Century 21 surprises at your TEN-TEC dealer 
- or write for full details. 

TEN-TEC ,N 
SLVIERVILLE. TENNESSEE 37862 imr l .m,(lr.  I S  , NCOLN *"I I M nT4 ILL - 

THE SECOND SURPRISE 
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. 9  watts Cookin ? - / t  could be tthe final amplifier 
in your xmtr if you 're not adjusting to peak performance with a . . . 

- 
Drake W-4 

Here's why: Quick. accurate adjustment of antenna resonance and impedance 
match Easily adjusts matching network- Directional, through 
line, highly accurate* Continuous monitoring of antenna perfor- 
mance and either forward or reflected power* Indirectly measures 
radiated power (forward minus reflected) and VSWR using nomogram 
included Removable coupler for remote operation. 

Drake WV-4 

Freauencv Coveraae I 1.8-54 MHz I 20-200MHz 

Power Capability Hi Range 2000 W 1000 W 
(cont. duty) Lo Range 200 W I lOOW 

Accuracy of Reading f (5% + 1% of  full scale) 

Line l mpedance 50 Ohm resistive 

VSWR Insertion no more than 1.05: 1 

Size 14.0 x 9.5 x 10.2 cm 
d bd, And the price is not too hot to handle. . . 1 $79.00 1 $89.00 

540 Richard St., Miamisburg. Ohio 45342 R. L. DRAKE COMPANY Phone: 613 (66.2421 Telex: 2 W 1 7  
CB 

\-I Western Sales and Service Center, 2020 Western Street. Las Vegas. Nevada 89102 7021382-9470 

Two Elements $139.00 
Extra Elements $99.00 
Price is F.O.B. Transcona 
INCLUDES U.S. Customs 
Duty 
KIT COMPLETE WITH 
"SPIDER 
*ARMS 
*WIRE 
"BALUN KIT 
*BOOM WHERE 

NEEDED 
WINNER OF MANITOBA 

DESIGN INSTITUTE 
AWARD OF EXCELLENCE 

Buy two elements now - a third and 
fotrrth may be added later with little 
effort. 
Enjoy up to 8 db forward goin on DX, 
with a 25 dh back to front ratio and 
excellent side disctimination. 
Get maximtrm stnrcttrral strength with 
low weight, trsing our "Tridetic" 
a m .  

GEM QUAD PRODUCTS 
Box 53 

Tmnscona, Manitoba 
Canada R2C 225 

Tel: (204) 866-3338 

Amateur Bands 

or phone lor more detalis 
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WM" PA" MORE? 
DEAR OM: Please read our "fine" print. 

Sure, we know you can buy many of the same, identical brand-name products 
(thot we offer for sale) from other suppliers. And, if you shop around, you CAN 
buy them for considerably LESS than the manufacturer's recommended selling 
price. 

BUT.. . WHAT do you actually get for your money other than a "FACTORY- 
SEALED" carton of complicated electronic components, a few fancy knobs and 
"GREAT EXPECTATIONS?" And, WHAT do you get if this expensive assortment of 
printed circuit boards fails to operate the very first time you put i t  on the air, 
or goes up in a big cloud of smoke during your second QSO? 

Quite frankly, YOU USUALLY GET WHAT YOU PAY FOR - NO MORE! And, 
when PRICE i s  your only consideration, you moy even get LESS! 

WANT MORE FOR YOUR MONEY? We can't really blame you for wanting 
to save o few dollars. BUT . . . whoever said the "LOWEST" price is the SAME 
as the "BEST" price? Granted, there may well be circumstances under which this 
axiom will hold water . . . BUT, we're not talking about peanuts and 
crackeriacks here. 

HAM RADIO equipment is  complex in both nature and design. And, whether 
it carries o foreign or domestic label, it is  N O T  produced for o song. So, when 
you think about it, no matter how "LITTLE" you pay, you're st i l l  moking a 
sizeable investment of your hard-earned dollors in a "HOBBY!" And, you EXPECT 
a certain amount of thrills, enjoyment and SATISFACTION in return - N O T  
grief, worry and hassles! 

LET'S FACE IT! We COULD lust as easily offer liberal discounts or cash-and- 
carry incentives in order to attract more customers. BUT . . . if there's one lesson 
we've learned in our 40-PLUS YEARS of serving the nation's ham operators . . . 
it's that THERE IS NO SUBSTITUTE FOR "GOOD" S-E-R-V-I-C-E! Long after the 
price you pay has been forgotten, WHAT really sticks in your mind is the kind 
of S-E-R-V-I-C-E you got - both BEFORE and AFTER the sale. 

Therefore, our prices on new and used gear ore "down-to-earth" in the 
sense that they FAIRLY reflect the "REALISTIC" VALUE of the merchandise - 
WHEN you take into occount that WE STAND FIRMLY BEHIND WHAT WE SELL! 
And. we make every reasonoble effort to insure your FULL and COMPLETE 
SATISFACTION with every purchase. S-E-R-V-I-C-E is not a problem with us - 
IT'S OUR POLICY! 

Furthermore, you'll find our ATTITUDE in serving you MORE than 
REFRESHING. We don't follow the "Hard-Sell" approach and. in fact, we will 
lean over backwards NOT to sell you a particular item when we feel it's not 
RIGHT FOR YOU! And, we're MORE than happy to offer whatever practical 
or technical advice you need in setting up or operating your station. 

Finally, when you deal with us, you ALWAYS receive our PROMPT, 
PERSONAL ATTENTION and INDIVIDUAL CONCERN. Each and every letter or 
phone call puts you in INSTANT TOUCH with a licensed horn who i s  READY, 
WILLING and ABLE to give your order or inquiry their undivided attention - 
N O T  put you on "HOLD!" 

In conclusion, HAM RADIO is our ONLY business. And, as such, we don't 
pretend to be "Big Operators" or "Wheeler-Dealers" but choose instead to offer 
FRIENDSHIP and PERSONAL S-E-R-V-I-C-E plus RELIABILITY to those who realize 
that there is  MORE to a "GOOD DEAL" than iust the lowest price available. In 
the final analysis, the true VALUE of the PRODUCT you select and your ultimate 
SATISFACTION with it depend on the REPUTATION of the DEALER standing 
behind it! 

And, when it comes to FAST DELIVERY, HONEST DEALING ond FULL/ 
DEPENDABLE S-E-R-V-I-C-E, we don't iust advertise it - WE GIVE IT! 

7Ya STAN WRGHARDT W(IT BILL WRGHARDT WB#NBO JIM SMITH W B W l Y  ERV HElMWCK K # O n  

STORE HOURS: 124 P i n t  Avonu. Northwoat 
TUESDAY thru SATURDAY P.O. llor 73 

9:W A.M. to S:M) P.M. Wahrtown. South Dakota 57201 
Closod Sunday L Monday Phom 605-886-7311 

Wrlto today for our lotmat BullotInAJaod Equiprnmnt list. " A m r i a ' s  Mort I.1 
- 



CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz FILTERS 
XF9.A 2.5 kHz SSB TX $31.95 
XF9-8 2.4 kHz SSB RXAX 145.45 
XF9-C 3.75 kHz AM $48.95 
XF9.D 5.0 kHz AM $48.95 
XF9.E 12.0  HZ NOFM Incluirfe~ 
XF9.M 0.5 kHz CW (4 pole) 134.25 
XF9.NB 0.5 kHz CW ( 8  oole) 163.95 

Invited 
. . 

9.0 MHz CRVSTALS (Hc25/u) 
9000.0 kHz Carrier 
8198.5 kHz USB 
9001.5 kHz LSB 
8999.0 kHz BFO 
Hc75/u Socket Chassis 
Hc25/u Socket P.C. Board 

Shfppfng 
$1.25 

per filter I 
50 MHz FREOUENCY METER MMd 050 1 

Measure frequencies to 50 
MHz 
6 diglt digital display 
High sensitivity 50 mV RMS 
Internal crystal reference 

7' Size 4%" x 2%" x 1%" 
Power 12 VoC I 

MMd 050 NEW PRICE: $129.95 

SPECIAL ! Shipping $2.50 each 

LIMITED QUANTITIES 

432 MHz SSB TRANSVERTERS I 
Use your HF Transtelver on tile 432 MHz band with the addition of t h  
MMt432 linear Tranrvcrtcr. Thc MML432 operates on all modes; SSB, CW, 
AM, FM. I t  contains BOTH the linear transmit up-converler and the re- 
celvc down-converter. An internal PIN diode T / R  connects to your Trans- 
ceiver T/R line. Tlw MMt432 is FTIOI and 11milar HF rig compatible. Add 
the 70/MBM48 MULTIBEAM and operate direct Into OSCAR 7 mode 8. 

VARACTOR TRIPLERS I 
The low con easy way to operate on the 432 MHz and 1296 MHz bands. 
For OSCAR 1, mode B, drive the MMv432 family varactw tripler with your 
2 meter transmitter. The w~deband varaclor tro~lers cover the full 211432 I 
band without relunlw. 
NO power supply required for varaclo 
Three models available at 432, two 

Model Max Drive 
MMv432 30 W 165.95 

MMv432M 50 W 83.95 
MMv432H 70 W 125.95 
MMv1296 20 W 81.50 

MMv1296H 35 W 99.95 

Send 266 (2 stamps1 for full llm catalogue of KVG crystal products and 
all your VHF h UHF quipmenl requlrrmcnts. 
Pre-Selctor Filters Amplifiers SSB Transwrters 
Varacror TrI lers Crystal Filters FM Tranrverters 
Decade Pre.&alers Frequency Meters VHF Converters 
Antennas Oscillator Crptals UHF Converters 

3ffice Box 1084 Post 4 
:ord, Ma - 

SP 
ternatior 

breat books too! 
- 

Y o u  want the best when you p u t  down good 
m o n e y  f o r  a book. T h e  Ham R a d i o  Publishing 
Group k n o w s  what R a d i o  A m a t e u r s  l i k e  and 
we're p o s i t i v e  you ' l l  enjoy any one o f  our 
great books. Try one, or two,  or.. . 
80 METER DXlng. By John Devoldere. 
ON4UN. Absolulely Ihe most thor. 
ough book ever published on the 
challenge of 80 meters. ONIUN, a 
loremosl authority on 60 meter DX- 
ing, has expertly presented hls DXing 
knowledge on Greyline propagation. 
antennas, and station configuration, 
plus much, much more. Acclaimed ' 
by DXers everywhere. 
Order HR-BOM. $4.50 

HIRAM PERCY MAXIM. By Alice 
Clink Schumacher. "Hiram Percy 
Maxim" is the life-saga of the fasci- 
nating American who has contribut- 
ed more l o  Amaleur Radio lhan any 

I other individual. This unloue storv 
I %-- 4 documents Maxim's accbmplish. 

menls as an inventor, aulhor and pic- 
neer in many fields durlng an excit- 

- ' ing era of unprecedented technoic- *..- * gical progress. An historical, Cha!3gb , ,. .... -- 
of.pace bookany Ham would enjoy. 
Order HR.HPM. S4.50 

AMATEUR SINGLE SIDEBAND. 
Or~g~na l l y  by the Co i l~ns  Radlo 
company. Ham Radio in coopera- 
tlon with the Collins Radio Group 
has reprinted what many cons~der 
" lhe bible on Amateur single 
sideband.'' Coll ins S.line and 
KWM.1 owners especially will l lnd 
this book lruly lascinating and a 
greal library addition. This solt. 
bound edit ion features an in. ... . . 

LOW & MEDIUM FREQUENCY troduction to SSB, nature of SSB 
R A D I O  S C R A P B O O K  ( s r d  s ignals,  e x c i t e r s .  RF l inear  
Edilion). By Ken Cornell, W2IMB. amplifiers. SSB receivers, tests 
Get on the alr legally wilhoul a and measurements. and what 
license In the 160.190 k ~ z  range! c0mpliSeS an Amateur SSB Sla- 
~~~l~~~ the world 01 the lion. A thorough, definitive publi- 
low frequencies. Complete deta~ls cation. Get yours today. 
on assembling homebrew l o  work Ord"nR.SSB. $4.85 

these freauencies ~ l u s  lunin lo on 

I FCC rulesand regulations. 
Order HR.LF. $6.85 

ORDER 
TOLL FREE 

I ADDENDUM '77P78 lor the LOW & 
MEDIUM FREQUENCY SCRAP- 

800-258-5353 OR + 
BOOK. By Ken Cornell. W2IMB. 

Designed to complement its predecessor, "Addendum 
1 '771'f8" ~rovides vou with even more inlormation. appli. 

cattons and ~ e c h n # ~ u e s  for lhose excltlng low frequen- 
Order HR.LFA. $3.95 J 

,,,,,,,, ,--,-,,,-- I%-- 

I Enclose payment for books checked below. ' HR-SSB $4.95 HR-HPM $4.50 HR-80M $4.50 I 
1 HR-LF $6.95 O HR-LFA $3.95 
I Name - 

I 1 Address  

I C i t y  S t a t e  Zip 

Send your Ham Radio's 
1 p a y m e n t  Communications Bookstore 
I and order to: 
I 

GREENVILLE, NU 03048 
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f-DSI INSTRUMENTS 1NC.-> 

DS/ I Be the one who's on FREQUENCY!! I 
With your DSI Counter. . .save the shop cost of tweaking xtals. . . 
know y o u r  frequency.. . f r om 160 meters through 450 MHz. Now DSI I 
offers- the most counter for your dollar. Latest state-of- the-ar t  

technology.. .DSI advanced LSI design far  e x c e e d s  outdated TTL. 
Go with the leader. . .buy a DSI FREQUENCY c o u n t e r  and SAVE 
TIME & MONEY!! 

MODEL 3500 $139.95 MODEL 3600A $189.95 
Includes oven timebase 

500 MHz Frequency Counter 600 MHz Frequency Counter 
Includes 500 MHz Pmsceler - Not an addon 
7 Large bright - Yz inch LED Readouts 
Temperature compensated crystal timebase 
Accuracy 1 PPM Typ . Sensitivity 50 MvRms 150 & 250 MHz 150 MvRms 450 MHz 
Gate time light 
No direct RF connection Requlred 
AC or DC operation 
50 Hz to 500 MHz typ 
Comprehensive ownen manual with complete accurate schematics 
Factory assembled & tested 

includes oven compensated crystal timebase 
Includes bullt.in 800MHz Prescaler.Not and addon 
8 Large bright - 'h inch LED Readouts 
Two timebases 0.1 sec 1 1. see 
Resolution 1 Hz Direct 10 Hz Prescaled 
Sensitivity 20 MvRms @ 150 6 220 MHz 100 MvRms 450 MHz 
Accuracy .5 PPM over temperature 
Oven light & Gate time light 
Aulomatic Declmal point placement 
NO DIRECT RF CONNECTION Requlred. . Comprehensive owners manual with complete rccumte schematic 
AC or DC operation 
50 Hz to 600 MHz Typ. 
Factory assembled 6 tested 

Use it in the car or on the bench. . .take it to the repeater site. . .high.impact case.. .light 
weight-but rugged.. .Designed with the latest readily available LSI. CMOS. Schottky, Mecl. 
integrated circuits. 

NEW PRODUCTS 

250 MHz 7 Digit Battery operated hand held counter 5109.95 available miaJanuary. 
3% Digit Bench Degital Multi-meter AC or Battery operated $99.95 available mid-February. 

Visit us at ORLANDO, FLA. ARC ARRL Convention Feb. 17,18,19 
Booths 37. 39.40 (Sheraton Towers) 

Strongest Warranty in the Counter Field. ONE Year Parts and Labor we pay the return shipping 
plus.. .if not satisfied, return in ten days for full refund.. . Dennis Romack.. .WAGOYI. 

VP.Marketing. DSI ...................................................................................................................... 
TO ORDER CALL COLLECT (714) 565-8402 I 

~ a m e  call DSI INSTRUMENTS INC. 
Address Dlv. Diversified Securlty Ind. Inc. 
CllY S l e I e Z l P  

mono: We pay shlpping charges anywhere in 
the U.S.A. UPS Brown or P.P. - CA 

order: Residents please add 6% state sales tax. 
C C k k  enclosed C PI- send more Inlormallon on your lull llna of lnslrufrmnta and Acnasaies. 
r 8.nkAmarlcard n MaslsrCharpe C VlSA O R.E. American Express Bank of America 
cmdn card t C.rdsiplnllondale s l g n a f u r e  Mastercharge VISA 

7914 Ronson Road No. G, San Diego, CA 92111 I 
More Details? CHECK-OFF Page 126 february 1978 91 



r s i  MICROMINIATURE ENCODER-DECODER 
3 Available in all EIA standard tones 67.0Hz-203.5Hz 
3 Microminiature in size, 125x2.0x.65high 
3 Hi-pass tone rejection filter on board 
3 Powered by 6-16vdc unregulated, at 3-9ma. 
3 Decode sensitivity better than IOmvRMS, bandwidth, -Hz ma& limi 
3 Low distortion adjustable sinewave output 
3 Frequency accuracy, +.25Hz, frequency 

stabilitv *I Hz 
3 ~ncodks continuously and simultaneoushr 

during decode, independent of rn 
hang-up 

7 Totally immune to RF 

Mred and tested. f 
C1 element 

$59.95 

with 

K-l field replaceable, plug-in, frequen 
determining elements 

53.00 raph 

ike 

cummunru~r IONS SPECIALISTS 
P.O. BOX 153 

B R m  CALIFORNIA 92621 

YAESU and 
KENWOOD 250Hz 8 POLE 

FT-101, FR-101, FT-301 from XTAL FILTER I 

WIN THE BATTLE AGAINST QRM! 
Since all CW Filters are optional, why not 

e l  the basl? This new sharp filter is  deal 
or DX and Contest work: yet not loo nar. 8 

row lor regular operation. Superior t o  
audio lilters, yet works well with them to 
improve Receiver performance even 
more, if desired. 

Mounts easily on circuit boards pre. 
drilled lor the purpose by manufacturer of 
your rig. See your Manual lor installation 
instructions. A built.in component; no1 a 
hang.on. No alignment requtred. Satislac. 
t ion Guaranteed! Tested and Rec. 
comended by International Fox Tango 
Club. 

Special lor FT-101 Senes Only: Miniature 
dlode.swl1ching board permitting use of  
BOTH Ihe standard 600Hz and !he new 
250Hz l~ l ters. sw~tch.selectable. Wlth 
complete Inslructlons. DSB.l $10 

Allow up l o  three weeks lor delivery 

AIRMAIL patpoid 
U Y  and C d  

For ony ttg lmrted ~ W ~ W  add s2 

I ALUMA Ham~:k.ur Model T-60-H 

I, JOWERS 
( HIGHEST QUALITY 

UI MADE IN ALUMINUM 

1 * TELESCOPING 
(CRANK UP) * GUYED 
* TILT OVER MODELS 

QUALITY MADE 

COMMUNICATIONS 
MANY MODELS MFG. 

Towers to 100 feet. Specials 
designed 8 made. See dealer 
or send for free catalog. 
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b f  engineerin; Shofls @U 3 Ways to get on 220. 

TRX220 - Transceiver K i t  

TRC-2 Cam and Accamries - $49.95 

INSLRTION LOSS. lrrr than I db an rcceln.  
A on. watt rrclter wing four RF tranrklm, n o  dbdodn. DUTY CYCLE; 10% or Iks. Conslsu 01 drilled 
and one lnapaled ritrviL The RF l t m l l l o n  are 
opratlng well below their railms a l l a l m  Iom k q i m  

d ~ n  PC Board. her! ,ink and d l  oomponmll. 

p r l M 5  without damae. . Nom8n.l ovlwt IH  ra lu .  
Deviation adlurmd 10 IOUHz IC audio with d i ~ i n g  and 
actom f1111r . A11 wunws W I P Y ~ ~  down 3Mb or mom. 
Trmptrature L O ~ P M ~ O ~ ~  'WIW trimmer . zlmr Similiar units available for 

RX220C Remiwr Kit - $74.95 
SENSITIVIN .3uV lot l M b  ~ k l l m .  SOUELCH 

~ 0 . 2  crystal h& - $15.50 THRESHOLD .luV. AUDIO OUTPUT 2 walls. 
STABILITY better than -.Wl. IMAGE 

k l p K d  10 prorldc multi.chmml opnt1.n for RElECTlON 6Mb. SPURIOUS REJECTION 
to program the scanner to return to his lawrim the T x ~ r ~ l  tranmlttm. I t  reaturns an c x t n  n gma1.r than 6Wb. IF RElECTlDN 8Mb. FIRST 
channel whenever it is active. A m rh-1 mre iw  rwrW drcb of cmu.t, that be to U. CD.1 rn$lJ IF 10.7 Mhz. SECOND IF 415 Kh,. BANDWIDTH 
A ten chanrrl mrmirm CWIUI deck which u ~ l l r s  which utlllzer dl& wl t rh lm lo deck lor 10 rhrnnrl trrmrelw. The rxtra rontaru 15 Khz .I Pdb. 60 Uhz a, 3Mb (40 Khz r i l h  

diode sri lrhim to rkl the cwrUI povtim rlect hn.ryrl.1 poddm required. mry rlu, br uud to srllrh L.E.D. ind'ralon. The ~ t i o n l l  4 pole fllterl. CRYSTAL 45 Mhr prrallci 
IW,,'~ ha, I 1  pai,,an,. a! 20pl (HCI25U hdderl. 

The Syntherl?er 2M IS 8 li. meter trequemv rynthel$zer. Frequency Dr adlustable in 5 KHz ncpr from 220.00 MHz 
to 225.00 MHz wbth its digital r e m u t  thumb wheel mitchinl. Trammat oltren arc digitally pogrmmed on a 
diode m a t r ~ .  and can ramp fr- 1 W  KHz to 10 MHz. No sddn t io~ l  components are nfferyryl w FEATURES SPECIFICATIONS . T ~ L  kit Fr-ncy: 220 - 226 MHz 

Maximum offset vamtil l ty - easily pogrmd to Trammlt offsets: Simplex. t1.6 MHz. -1.6 MHz 

any IF and n m m i t t a  o f f s t  barween 100 KHz d plus 3 additional fiald progrmmable o f f e n  
30 MHz in wen 100 KHz i n n m n n  . Output: 3 volts to a 50- Id. 
Simpk jumper wire c h a m  m b k s  urn on rb I  Wi* . Input vol-: 11 - 18 VDC ,900 mm 
113. 9. 6 MHz wansnit nymlr . Size: B.. long x 5%" wide x 2%'' high . All  haqusmlalaked to o n  rrulPI nyml o ~ l l b l o r .  20.32CM r 13.87CM x 5.715CM . 2 pole output f i l t a  on rcaivs line. . Carplslc k ~ t  including all clatronier. nyml. 

i Vinually no meaurablc difference In pv r iou l  w t -  mumbrrhesl switch. cabimt. crc. 
puts b e m n  crystal a SYN 220. . Shipping waiCr 2 Ib. 4 or. . Lockup time typically 150 milliumndr. 

 it - $169.95 1 Wired & Tested - $239.95 Easilv inmf.osd lo  m a t  rigr. Similiar units available for . AIW warlable for 2 metsr. 6 meters. 2 meters. and 432 MHz. 

FEATURES SPECIFICATIONS . T ~ L  kit Fr-ncy: 220 - 226 MHz 
Maximum offset vamtil l ty - easily pogrmd to Trammlt offsets: Simplex. t1.6 MHz. -1.6 MHz 

anv IF and n m m i t t a  o f f s t  barween 100 KHz d plus 3 additional field progrmmable o f f e n  

. 2 pole output f i l t a  on rcaivs line. . Carplslc k ~ t  including all clatronier. nyml. 
i Vinually no meaurablc difference In pv r iou l  w t -  mumbrrhesl switch. cabimt. crc. 

puts b e m n  crystal a SYN 220. . Shipping waiCr 2 Ib. 4 or. . Lockup time typically 150 milliumndr. 

F E A T U R E S  

IF YOU NEED MORE POWER, DON'T FORGET OUR BLUE LINE! . t i ~ q h  eilacnencv means l o w  current draln 

Wlrd & Broad band d s s ~ g n  ( n o  tunongl 

Powr Pawn Tmd 
DI~BCI 1 2  vo l t  D C  operat ion 

MODEL BAND Output 
Indhca to~  lamps f o r  o n l o + f  and FMlSSB 

BLD 2160 220 MHz CW F M  SSBIAM 2W s164 95 
R ~ I ~ V  s w l t c h i n ~  (a l lows y o u  t o  p u t  a m ~ l l f ~ u  
~n or  o u t  o f  clrcult a t  the f l i p  o f  a w i t c h )  

B L D  10160 2 2 0  M H z  CW F M  S S B I A M  10W 60W $159.95 
B L D  101120 2 2 0  M H z  CW F M  S S B I A M  1OW 120W $259 95 : gny:z ~ ~ , P . ' , ' ~ ~ r ~ ~ ~ : v l O ~ ~ a r t ,  and labor 
Som111ar untts a v a ~ l a b k  for 6 meters. 2 meters, and 432 MHz 

r 0 B B8ngharn ton  1 Prlces sub jec t  t o  change  I E x p o r t  prtces are slightly h tgher  

9 engineering 
/ I l l  / \ / O N  Of l?h'f7ilh/ I'V 1 1 I (  /h'(l~V/C5 COh'I' ,.d 0 r n . d e , * .  I o,.o<.sA- 

B O X  H / 320 W A T E R  S T R E E T  / B I N G H A M T O N ,  N.Y. 13901 1 Phone 607-723 9574 



74 LS TTL 
6 db INCREASE IN AVERAGE ==- I POWER * *  I 

I MAINTAINS VOICE QUALITY IP 1 
IMPROVES INTELLIGIBILITY 
NO CABLES OR BENCH 
SPACE REQUIRED 
MCELLENT FOR 
PHONE PATCH 
NO ADDITIONAL ADJUST- 
MENTS - MIKE 6AIN ADJUSTS 
CLIPPING LEVEL 
UNIQUE PLUG-IN UNIT- NO 
MODIFICATIONS REQUIRED 

is RF Envelope Cllp.plng- 
feature being used on new 

transmitter desinns for amateur 

I <,--and military use. I 
Models N o w  Available I Wlins 32% KWM-2 . .  f 9830 *a. I ~ - ~ -  .-. 

- ~ ~ ~ ~ m ~ ~ ~ ~ m m ~ 1 ~ 1 m ~ ~ 1 1 d  -1111111111111 ~ r a k e ~ ~ I 3 :  TR-4. TR-6, T R - 4 ~ ,  
TERIIS: I'lcosr : ~ l l o k  lip t o  S",. 101- :;hip 
lpir~,:; c r c c s s  rcfondpd. Californ~i~ns ndd 

1-4. T-4X, T-PXB, T-4XC $128.50 ea. 
Postpald - Calif. Residents 

t a * .  C o i l  orders accepted wit11 s t r r o t  add 6% Tax 
;nddress for  UPS. For VISA' or Master- 
rh;<rgr'ordrrs ($15 m i n )  c a l l  our 24 hr. 
desk at (415) 562-0636, Priccs good 
through cover month of mapazinc. B i l l  GODBOUT ELECTRONICS 
FREE FLYER: Sand for i t ,  be surprised. BOX 2355. OAKLAND AIRPORT. CA 94614 

L 
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Get all this 
transceiver 

for under $500. 
Available Options Include 100 kHz110 kHz Dual Crystal Calibrator. Noise Blanker 

and Portable or Heavy Duty Power Supply 

Microphone and ALDA 103 is completely 
mobile mount included. manufactured in the U.S.A 

totally solid state SSB Transceiver 80 through 20 meters 250 watts 

ALDA Communications Inc., 214 Via El Centro, Oceanside. CA 92054 (714) 433-6123 



EXCITING NEW PRODUCTS 
RAP0200 UNIVERSAL TOUCH-TONE 

ENCODERS 
The Data Signal TTP Series of keyboard encoders is used to 
generate the standard 12 or 16 DTMF digits. The encoders 
provide fully automatic transmitter keying and feature a 
delayed Transmit Ready light, an interdigit timer, and a built- I . . . . . .  .-... UICH . in audio monitor. Features also include all solid-state. crystal- 
controlled, digitally-synthesized tones and an optional internal 

A Complete Autopatch facility that requires only a repeater Number ldentifler (ANI). 
and a telephone line. Features include single-digit accei:/ TTP-1 ( lZ4ig i t )  $59.00 
dosconnect, direct dialing from mobile or hand.held radios. TTP-2 (16digit) $69.00 
adlustable amplifiers for transmitter and telephone audlo, and .Touch-Tone 4s a registered trade name of  ATAT. 
tone.burst transponder for acknowledgement of patch d~s. 
Connect. 
RAP.200 P. C. Card f 199.50 
RAP-ZOOR Rack Mount 249.50 TTP-1 TTP-2 

SME r_l_ . DTM 1-,- 

SUB-MINIATURE 
TOUCH TONE ENCODERS 

MODEL SME - Smallest avantable Touch Tone Encoder. Thin. 
only .05* thick. keyboard mounts directly to front of hand- 
held portable, while sub-mln,alure tone module fits inside. 
This keyboard allows use of battery chargers. Price $34.50, 
wtth your choice of keyboards. 

MODEL DTM - Completely self~contained miniature encoder 
for hand-held portables. Only 5/16" thick. Three wire con- 
nection. Automatic PTT keying nptlonal. With your choice of 
keyboards. Price: DTM - $49.50. DTM-PTT - $59.50. 

I Send For Free New Catalog - 

DATA SIGNAL, INC. 
2403 COMMERCE LANE 

ALBANY. GA. 3 1707, 91 2-883-4703 

...  his MFJ RF Noise Bridge 1 
lets you adjust your antenna quickly for-maximum 
performance. Measure resonant frequency, radia- 
tion resistance and reactance. Exclusive range 
extender and expanded capacitance range gives 
you much extended measuring range. 

UW.., v., :,,. E - -  
. . I' 

TMs new MFJ-202 RF Noise Bridge lets you 
quickly adjust your single or multiband dipole, in. 
verted Vee, beam, vertical, mob~le wh~p or random 
system lor maximum performance. 

Tells msonant frequency and whether to shorten 
or lengthen your antenna for min~mum SWR over 
any portion of a band. 

MFJ's exclusive range extender (included) and 
expanded capac~tance range ( i 150 pf) gives un- 
oaralleled im~edance measurements from 1 to 

Older horn MFJ and hy il - no oMigaBon. If 
not delighted, return it within 30 days lor a relund 
(less shipping). This bridge is uncond~tionally 
guaranteed lor one year. 

To order. simply call us M bee 800-647-8660 
and charge it on your VISA or Master Charge or 
mail us a check or money order for $49.95 plus 
$2.00 for shipping and handling. 

Don't wait any longer to enjoy maximum an. 
tenna performance. Order today. 

100 MHz. I ' w ~ s  ah any w ~ m c * v .  S O - m  MFJ ENTERPRISES I 
I connectors. 2 x 3 x 4 inches. 9 volt banery. p. 0. BOX 494 

Other uses: tune transmatch; adjust tuned cir. 
cuits; measure inductance. RF impedance of ampli- 

MISSISSIPPI STATE, MS. 39762 
.... tiers. baluns. transformers: electrical length. velo. CALL TOLL FREE 800-647-8660 I 

ity {actor, impedance of coax; synthesize RF im- For technical information, order and repair status. 
pedances with transmatch and dummy load. and in Mississippi. call 601-323-5869. 

TEST EQUI P M E N T  
All equipment listed is operattonal and un 

Conditionally guaranteed. Money back if not 
s a t ! ~ l t ~ d  equrpment being returned must be 
shopped prepald. Include check or money order 
~ 4 t h  order. P ~ B C C S  lasted are FOB Monroe. 

BOONTON t9OA Q m t r  30-200mHz .... $425 
F L U K E  8038 Diff  ac-dc vtvm.. ....... .295 
GR916A R F  I m p  bridge 420kHz-60MHz.325 ..... GRlOOlA L F  siggen5kHz 50mHz ,385 

........ HPIZOB 450kHZ gen purscope .215 
HP160B(USM105) 15rnHzscopewith 

reg horlz, dual trace vert plugs ..... .375 
HPl66B(MillDelaysweepforabove ... 130 
HPl70AlUSM140) 30mHz scopewith . . . . .  reg hortz, dual trace vert plugs .A75 
HP175A50mHzscope wi th reg 

....... horiz, dual trace vert plugs.. .565 
HP185A Sampling scope to I gHz 

1868 xstr r ise t ime plug . . . . . . . . . . . .  ,585 
. . .  HP202B L F  Osc .5Hz 50kHz 10v out.. .75 

..... HP205AG Lab audio gen .0220kHz 195 
....... HPZIZA Pulsegen .06 SkHzPRR .65 

HPS24D Freqcounter basic range 
... lOHz IOmHz extends w p l u g  ins.. .I95 

HP540B Transosc to 12.4gHz for 
.......... use w HP524 typccounters 145 

....... HP616 Sig gen 1.8 4gHz FM CW ,365 
HP686 Sweep gen 8.2 12.4gHz sweep 

............. range4.4mHz 4.4gHz.. ,495 . HP803A VHF Ant bridge%-500mHz.. ,135 
HP2801A Prec d ig thermometer 

-80 to 250 deg Cels wi th 1 
. . . . . . . . . . . . . . . . . . .  osc. less sensors 1295 

Tekl81 Timemarkscopecal ib .  ........ .55 
... Tekl90 Sig gen(cons1 ampl)  50mHz ,125 

Tek 545(mil vers by HickokLavoie) 
.... 33MHz gen pur scope less plugin .495 

Tek565 Dual beam IOmHz scope 
. . . . . . . . . . . . .  less plug ins (3series). ,625 

Tek585 8OMHz gen pur scope less 
plugin . . . . . . . . . . . . . . . . . . . .  .... ... ,645 

For complete list ol all tesl equipment 
send stamped. Self addressed envelope 

GRAY Electronics 
P.O.Box 941, Monroe, Mich. 48161 

Specializing in used tesl equipment. 

> 



I SPECSCAN-S Programmable Scanner ( 

I .. . The ONLY Digital Scanner made for the IC-22s. It adds a whole new 
dimension to 2M FM. If any other accessory can make your 1C-22s as ver- 
satile as the SPECSCAN-S does, Buy It! I 

Scans the entire 148.147 MHz Band I n  15 kHz steps, 
automatically, or manually 
Automatically reads out your other 21 channels when they are 
used. 
Can be used as a remote programming unit wl lh the n d l o  h ld  
den under the seat, etc. 
Exclusive VARI.SCANTM control allows full control of s u n  
rate i n  either direction! 
Full compatibility with theduplex mode. 
Uses state of the art CMOS logic. 
Low current drain. Less than 500 mA. 
RF immune. Unaffected by nearby equipment and I n  high RF 
areas. 
Large LED display lets you s w  every channel a1 a glance. 
Manual mode leatures lets you scan past any portlon of the 
band and manually select a desired channel. 
Easy installation. Uses only one matrix position leavlng the 
other 21 useable for manual programming. 
Plugs into 9 pin accessory socket. 
Adjustable scan delay feature. 
90 dav limited warrantv. - 

ONLY 1 49!2teur Net 

f 220 MHz 
SYNTHESIZED 
Midland 13-51 3 

AVAILABLE NOW! 
220 224 9'15 MHz coverage 
Three power levels 

2 watts l o  walls. 20 watts 
Large LED readout 
S~mplex and repeater capabll~ty 

$449.95 
plus sh~pp~ng 

\ no.trade spectal J 

f 
TEN-TEC 

CENTURY 21 

y"'j 0 0 

An ideal CW lransceiver for the beginner or lor 
a second rlg. This is not a toy, but a quality. 
solid-state transceiver. 70. watts input; 80. 
40. 20 meter coverage (15 and 10. loo. wllh 
accessory crystals). Full break-in and built-ln 
CW I~llers. With lealures like thls and a low. 
low prlce, what are you waltlng lor? 

$289 
plus shipping 

\ i 
f 

WE WANT TO MEET YOU! 
\ 

We will be exhibiting at the Wheaton Hamfest 
February 5th at the DuPage County Fairgrounds, 
Wheaton, Illinois- Come by and say hello! 

1 

f CRYSTALLESS SCANNING 3 
WITH THE BEARCAT 210 

A- 

The scanner for everyone dnd luqt aboul any use 
Slmple entry and large L t D  readoul Wllh 11s search 
lealure you can even llnd those secrel channels 
F~ve band coverage 37 50 MHz 146 148 MHz. 
148 174 MHz 450 470 MHz and 470 512 MHz 

$289 
plus sh~pp~ng  

m SPECTRONICS, INC. STORE HOURS HOURS: 

1009 GARFIELD Mon-Thurs 9:306:W. Fri. 9 : 3 M M  
OAK PARK. IL. 60304 S a t  9:3&3:W. Closed Sun. dl Holidays. 

312-848-6777 
*UIY,l 

TELEX 72:8310 e 
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~ 1 G A R K T T E ~ i : l l T E R  
ma raw rats 

14 PIN -1 ohm IN914 
CHIP CLIP ' IvE WATT 

RF , l S i  ' 6  50-239 ',C 

1>,.-25q . < 
NEW HOIJSE MARKED 4 INCH : 3 1.00 

S3.00 
5/%1.(0 1 0 1 S h . 0 0  E:l.r..'V\TCII 7% Ion for s 2 . 9 5  

6 Z N C n i  1 1 . 7 6  
I, INCH 1 , ;  .I..PS 

toggle switch N E ~ T J / + ~ K  a; MOLEX - PINS WLW 30 AWC wire wrap 
:. ,.. * I . . I  Mr..l ASSCRTEO SIZES M JE3055 r :  

I . .  
,.q 7,:" ..P:T 10 SO07 BUNDLE . A I .:. . . i. . . '. 

,+c 8 6  +\*'. ,J st .3,, ,:,,,a. , ., ..,. .~r.,, 2 0 0  I 5 1 . 1 5  . RE : 
9 5 C  .~ ,,..,c 1 0 0 0  1; i !  5 7 . 9 5  

% '  . ,  100 F T .  s 2 . 5 0  

WIRE WRAP TOOL 
100 P I N  SOUND ACTUAI1D RELAY CONTROL I,,v n ~ * r l * ~ ~ ?  

SO drm COAX EDGE CONNCCTOR xi/ ASSEWLED 0. ! x 2 I,.' BO*WS 
P,N-wYO - $s** 

FT. 17.. 'i 
H I S  ALL PAD75 LESS R E L A I  USES 
3 I 0  12 V O L T S  1 1 . 5 0  111'.?0 

-T.-? 
5 0  6 7 .  %.'. 75, .1?5 CCNTIRS 

s 3 . 9 5  
/-' / *  'ma 

.. --- . / . . 

SOLDED T k I L  I C  # I R E W O l .  IDCXETS 

D I P  .!Tc14 wOUSE VAm"E0 S O C K E T S  TR,?::SI1',H?!r:W ,. , , 15 E A C n  

d. I I T T ' .  NP'I P I N  % . , 8  1 2 . 8  ,..+. ,6 , ,lfl 5 ' '"IT1ON 2 7 ~ ~ 2  l l . 5 v C E  10 P I N  . 8 4  A"IFS 2 I  , EICn 

$1.00 1 1 . 7 5  E l .  
BELL 0 1 1 .  1-112 ' .  %.  . J . ,  2. .IN s . 1 5  CK"i' 

5 4 . 5 0  
'"" 10 P I N  1 . 9 5  LAC" 

' . S O  6 ) ,.. . 5  ." P I N  3 . 8 5  5 : . , , 5  

CRYSTAL 4 .- " ~ t l L ~ 1 -  544: . . 
. . ... 

I W I S  ASSORTMENT O f  

POT5 .RE NEW. *E .. . : 4 .  . . i / . .  RI .P I I  '. "BRl l '  
J U S T  M A Y E  NOT M A D  <,,.; , , . . ,x  rRIy 1 1 5 Y U L l t I 1 3 1 I . F I  

TIM* 1 0  SORT THEW. 4 0 s ~ .  01" 7.11,-lil nn,. .?!. 
" I T "  5 * l r r "  4 

ALL .??F PC T Y P E .  4 'A, \ 'S!%E CCl.1. , , , SOI'.WA\'E L'cc !U MAN-. , I 9 I .  5 ;  * I x 2  " '6 rM 'n f lLE T.TON! !';,I IItIL'SINI: 

l o / $ !  .DO 5 0 0  >:ILL.. AT 5 'i 5 1 .  - 0  
s : . 5 0  s 1 . w  .. 15 3,,:.00 RI.ACP w::;.Y '..':I~ 

':,,I!: : S,.,'I b ' ! , ;  '.!I I.,. 1 1 ? <>3v?;, PROTECT ,,! ,. ~ l i . ,  i: in . , ' ,  1 . 3 .  C r n  

:;I. ,>.>.< .t.B>., !,t.,PlRE: \ # I ?  PC,! ?:O PI,:, .. ., I ? A C I I  F1.l i lPENlNG 

, ! :;,>,,"F[,~;, ,> ,.ta!xpt.n. uv,.;y ! '.! : ,  ':c.';T 1 ~ ~ ' r A l ~ ~ .  A t.,, 1,4<*5 OFF" 

r , ~ , . i ~ c ~ . ;  :~~;,~;ct.s, fionpas!;i:ir,, ?5.r ' THERMAL SWITCH 
5 FOOT ~ 1 . 7 5  

EX","-, "(1 n117w $ ' 1 9 C l C  Fi,IA!<I>S.R BPl~;Dl?,ARDS. I I S  V O L T  1 . C .  
b!., :,!. A', >,,,.,. f 

1 0 0  for 5 1 . 0 0  
L ~ S E D  H U T  BUIPANTEED 

I ,J, $1.25 ~ 6 . 0 5  

*NCW. MUFF I N  FANS . ,ffo$ktt 9 (fond I , . ,~.~,,. .  ' w , .  , O! I"; HR 
- i l c  n o n  4 SnLr r  i n r  <I,,€ . ~ P E c . h s  AoovI- 

;*l~:lK;,:. [PI ;.t'lI,l !,,',. l 4 d 0 4  - F L L L S I   AD^ $ 1  n:t r o a  o a n r a s  E ~ C E P T  NEW IN r A C I O R I  

~ d . d ~ ~ n f f k  3 0 ' . - 8 4 8 - 8 l > l ,  
UYDIR 1 1 0 . 0 0 .  POST 6 HAND 

HC L B A  A t C l P l t O .  w ° K F S s ! ? . 1 5  

\ 

, 4362  HAM-MATE 
MODEL 12751 - connects In line 
between mic. and transmitter requirtng 

I)irectional Wattmeters are insertion no modificat~on to transceiver auto- 
m a t ~ ~  1 to 10 min. tlmer 5 to 40 wpm 

type instruments for measuring 
forward or reflected power in 50-ohm 
coaxial transmission lines. They are 
direct descendants of the model 43 FACTORY PROGRAMMED 
TtIRULINEN Wattmeter - the MEMORY lDer KITS 
professional standard of the industry MODEL 11764 - semi.auto. MCW leer 
-and will accurately measure RF adiustable audio level programmable 

power flow under any load condition. code speed, tone and repeat interval 
1.7" x 3', PCB. $29.95/kit. 

HENRY RADIO MODEL 97710 - manual CW lDer 
4.r , , ,  4362 IS THE EXCLUSIVE DISTRIBUTER FOR 

frequency Range 1.8-30 MHz-140-180 MHz 
forward Power Range 0.20012000W-0.25/250W 
Reflected Power Range 0-200/2000W-0.251250W 
Impedance 2,  
lnserl~on VSWR 1.1 lo  1.0 maa. 
Accuracy *8% 01 full Scale A v a l l a b l e  a l  se lec l  d e a l e r s  throughout the U S 
D ~ r e c l ~ v ~ t y  20 dB mln.  

D~mens~ens 31%1" a 6" x 331" 
(100 a 150 a 85 mm) 

1 lb. (0.43 kg) We~gh l  
conneclors-lnput 6 output , . female UHF (S0.239) 11240W OIPM 105 Antelts. bllf 90~64 ?13/47167Ql 

931 N t a l t d .  Anahelm O111 92ROI 114/7129MO 

\ ''Mal a t  uw wlh Y1V ohm cabk M'UoUfl '130 8161679 3121 



f 7 

A Component Sydem 
for RTTY 

RVD.1005 ST-5000 DKB-201- 

Active amateur, short wave listener, beginner, or old-timer-youll enjoy RTTY with the HAL 
component system. Shown above are our ST-5000 Demodulator, RVD-1005 Visual Display Unit, and 
DKB-2010 Dual-mode Keyboard. The RVD-1005 is a time-proven display generator that converts 
BAUDOT coded RTTY pulses into a video display. It receives the 4 standard RTTY speeds (60,66,75, 
and 100 words per minute) and generates a 25 line, 40 characters per line display. The low-bandwidth 
video output can drive either a N monitor or a modified TV Set (power transformer and video 
connection required). The DKB-2010 will transmit these same four RTTY speeds as  well as  MORSE 
code at 8 to 60 wpm. The DKBalso features N-key rollover,adjustable CW weight, HEREISmessage, 
and internal CW side-tone oscillator. The 3-key standard buffer can be extended to 128 keys with the 
EMO-128 buffer option. The ST5000 is the newest of HAL'S line of RTTY equipment, offering2-shift 
operation with high-performance active filter circuitry. It also has built-in AFSK oscillator and loop 
supply and can be factory tuned for either the "High" or "Low" frequency tone pairs. Autostart and 
printer control circuitry make the ST-5000 ideal for both electronic and mechanical RTTY terminals. 
For a high-performance and cost-effective RTTY station, the RVD-1005/DKB-2010/ST-5000 com- 
bination is hard to beat! 

ST-5000 RVD-1005 DKB-2010 
170 and 850 Hz Shift 4 RTTY Speeds Baudot RTTY & Morse Codes 
Low or High Tones (60,66,75.100 wpm) 4 RTTY Speeds (60,66.75,100wpm) 

Integral Tone Keyer Crystal Controlled Crystal Controlled 

Active Filters Baudot RTTY Code 8 to 60 wpm Morse Code 

Autostart . Unshift.on-Space . Programmable HERE IS messaw 
(Switch Selectable) 

Meter Tuning Indicator N.Key Rollover 
Loop or RS-232 Input 

Internal L w p  Supply . 3.Key Buffer Standard . 40 Character Lines 
Attractive. Small Cabinet (128 Key with 128 EM0 option) 

25 Line Display 
Highgain. Widebandwidth Limiter . Table or Rack Cabinet 

Quick Brown Fox test message 

For either HF or VHF operation . Uw with modified TV Set 
Automatic FIGS/LTRS lor RlTY 

120/240V, 50/60 Hz Power Internal CW Sidetone Oscillator 
120/240V, 50/60 Hz Power 320/240V. 50160 Hz Power 

RVD-1005.. .............. $395.00 
(Specify Table or Rack Cabinet) DKB-2010.. .............. $395.00 

ST5000 ................. $275.00 RVD.2llOQuasarlV.. .... $150.00 (Specify HERE IS message) 
.... (Specify High or Low Tones) (Shown above) EMO-128 Buffer Option $ 85.00 

Write for our new catalog and RTTY guide. 

HAL COMMUNICATIONS CORP. For our European customers 
see HAL equipment at: 

B ~ x  365 R~chler & Co . Hannowr 

Urbana, Illinois 61801 I E C.  Inlereko. Btsrone 
Prlmetek Syrlemr. Handen. Swedpn 

217-367-7373 Radn, S k k  of London 

1 
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. "a COOT . Y l h n r Y O  . YI,"Ch*. - V I U  -." . I.- ""ldnn L*l I. 4" I.. 

P. 0. BOX 19442 DALLAS, TEXAS 75219 I PHONE ORDERS (zt4nz3-JZ#PI ON MASTERCHARGE L VISA 

" 

Power Supply Kit - -  - 
I f  i i s  POWER you need, than look no further. The PS-14 
gives you a highly regulated power supl~ly with f e a t u r e s  

only the commercial units offer a t  a fraction of the cost. 
Comuare our suecs with anv other unit on the market and 
t h e n ' c o m p a r e  our price' 

SPECS: 
YOU GET: 

Outpr t :  11 614.5ml juatnhln 
Heavy duty 12 Ib. transtormer 
2 large Ibnnrd heutslnks 

Current: 15A cont~nuous. 20A . Rss,,ln,or PC hoard ,.,,,h 

I tn,. 

Current 
partr. 

Llmbt: Adlustable Foldhnck 
Huqn 34.000 mfd  computer grade 
l1I I1 '1 CaD. 

IVP' 
Rlpple Less than lYs @ 15A 40 amps of rerm pass Iran5 

1.ltorl 
Requlatt~n Beller than 200 mll l l  . W,,e ,,anr,rtar kDIS, 

volts I tom no load to 
full load 

lone cord 

Thermal Ad~u$tabls thermal shul 
down proleel% serasr "... 

$39.95 
L IW C.B$P & MISIPII 

I THE LAST CHANCE!! I 
THAT'S RIGHT! THE LAST CHANCE TO BUY OUR 
SUPER POPULAR MK-05 MINI MOBILE SIX DIGIT 
CLOCK KIT a t  th is  super low price. The r e s p o n s e  has been 
g r e a t  but s ~ ~ p f ~ l i e s  are starting to run low. So order NOW! 
Features: Small enough to mount 

Ouartz crystal t ~ m a b m  in the instrument l)anel. 
Tatold & lens. nolra & ova, 
"011.g" PrOlCCllOn 
Maqntfled 15". 6 dvgtl LEO .--....... .~"..,,.., 
Complete wtlh prauttablc 24 hr. 
a l l lm,  
9 - 1 4 V D C C 4 0 1 0 5 O m a .  
Readouts can be suoprerwd 
EASY. OUICK ASSEMOLY' 
Al l  componantr gequwprl tncltaded 
lvou su~>ply the speaker1 
Too UU~II~Y d~8lled & plated 
PC'BO~;~- 
Clock hoard: 2.6" x 2" 
Rt!rdaut hoard: 2 3 / E W x . 7 5  

BULLET LUCKY 
NUMBER FOR FEB. 
IS: 158501. INum. 
brr warrh SlGfJ.: num- 
hen are 10 c~la log.1 

Auto Home Clock Kit 
W. 6dm.j mh lob., SUPER CLDCK 

hnllr 11. 3 Ilmlsr l n r  3 n'rlorkl. 
H D U W ~  on the o~rl ional Sohd Hard- 
w w d  Cars, l l lc lrnll makpr a hem. 
l l lu l  addltlon 1 0  any ruoln a5 well 
i l l  il great qll l .  

X" 4 digit LED rendout 
' Adjustable tone & d u n i # o n  on 

Ehlme 
Lmulata(swtng~ngpand~Ium u~ 
LEOS 
Al l  CMOSconrtnwtion 
Al l  electron8cs. swllches and 
tranrfarmar included 
Oualotv plated PC hoards I21 
E r." " a G" 

Saparats 24 hour clock and 
24 hour elapsed Itmar lunclions. 
Pr-ttable alarms an both clock 
and t m o  . Smaller more compacl k l t  1% 

2%" w-da x 3 518" lono x 1%'' I 
sembly easy 
Many opttons sra~lahle by  a l d ' ~ q  
rwrtcha 
Sold leu e a a  & switches. 

$28.95 [Will l i t  standard 3 1 1 6  
,n.,rurnan* caul  I 
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flea market 
~- - -- p~ 

RATES Non-commercial ads 100 per 
word; commercial ads 60e per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations r e c e i v e  one f r e e  Flea M a r k e t  

ad ( s u b j e c t  to our e d i t i n g ) .  Repeat inser- 
t ions of hamfest ads p a y  the non- 
commercial rate. 

C O P Y  No spec ia l  l a you t  or  ar-  
rangements available. Material should be 
typewritten or clearly printed ( n o t  all 
c a p i t a l s )  and must include full name and 
address. We reserve the right to r e j e c t  un- 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible f o r  claims made. Liability for 
correctness of m a t e r i a l  limited t o  cor- 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup- 
presslon accessories. Literature. Estes Engineering. 930 
Marlne Dr.. Port Angeles. WA 93862. 

CERTIFICATE FOR PROVEN TWO-WAY radio contacts 
with Amateurs in all ten USA call areas. Award suitable 
to frame and proven achievements added on request. 
SASE brings TAD data sheet from WGLS, 2814 Emplre. 
Burbank, Callf 91504. 

- -- 

NEEDED: schematic to convert Motorola Pageboy Two, 
pocket pager to carrler squelch. WA6COA (415) 843-5253. 

PC BOARDS - Ham Rad~o Art~cles, Tone Encoder 8177 
$3.50; Freq. std. 8177 $3.50; Capacitor Checker 4175 $3.50; 
Prescaler 12175. Glass plated drilled Instr. RTC, P.O. Box 
2514. Llncoln. NEB 68502. 

CANADIANS 1,000,000 surplus parts. Barga~ns galore. 
Freecatalog. Etco-HR. Box 741. Montreal. H3c 2v2. 

HAM RADIO HORIZONS, a super new magazlne for the 
Beg~nner, the Nov~ce and anyone Interested in Amateur 
Radio.. .What ~ t ' s  all about. How to get started, The fun 
of  ham radio. It's all here and just $12.00 per year. 
HURRY! HURRY! Ham Radio HORIZONS, Greenville. NH 
03048. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria Ham Radlo Holland 
Karin Ueber MRL Eclronlcs 
Po~lfach 2454 Po~tbus 88 
0-7850 Loerrach NL-2204 Delft 
West Germany Holland 

Ham Radlo Belgium 
Slereoho~se 
Brusselsesteenweg 416 

Ham Radio Italy 

8-9218Genl 
STE. ViaManlago 15 

Belgium 
1-201 34Mtlano 
Italy 

Ham Radm Canada 
BOI 114, Goderlch 
Ontarlo Canada N7A 3Y5 Ham Radio Sutlzerland 

Karin Ueber 
Ham Radio Europe Posttach 2454 

BOX 444 0.7850 Loerrach 
5-194 04 Upplanas Vasby West Germany 
Sweden 

Ham Radio France Ham Radoa UU 
Chrl~toane Mlchel P 0 Box 63 Harrow 
F-89117 Psrly M,ddle~ex HA36HS. 
France England 

Ham Radlo Germany 
Karl" Ueber Holland Radm 
Posllach 2454 143 Greenway 
0-7850 Loerraeh Greenslde, Johannesburg 
West Germany Republbc ol South A l m a  

More Details? CHECK-OFF Page 126 

PORTA PAK the accessory that makes your mobile really 
portable. $67.50 and $88.00. Dealer lnqulres invited. P.O. 
Box 67. Somers. Wisc. 53171 

TRAVEL PAK QSL KIT - Send call and 250; receive your 
call sample kit in return. Samco, Box 203. Wynantskill. 
N.Y. 12198. 

ELECTRONIC PARTS - toroids, resistors, pc board, etc. 
Send for  free catalog. OK Electronlcs. Box 291. 
Onalaska. WI. 54650 

-- 

DUPLICATE MAGAZINES for trade or sale. Send (1st of  
your needs &SASE for my I ~ s t .  Donald Erickson, 60594 
Essex, Rivers~de. California 92504. 714-687-5910. 

QSL'S - BROWNIE W3CJl - 30358 Lehigh, Allentown, 
Pa. 18103. Samples with cut catalog 500. 

LOWEST PRICES: Crystal Certificates. Two-Meter Certi- 
ficates $2.75 each. Scanner.Monltor Certlflcates $2.25 
each. Minimum order 10 assorted pleces. Bob Anderson 
WlLBA. 428 Central Ave.. M~l ton.  Mass 02186. 

WANTED: Back issues of  Ham Radlo and 73 Magaz~ne 
List - R. W. Nowosad VE4VE. 515 Selklrk Ave, Win- 
nipeg, Man. Canada. 

FIBERGLASS pole vaulting poles, perfect quad 
spreaders. guaranteed new. $39.50. Rlck Hull K5WSE. 
P.O. Box 20-AA. San Antonio. Texas 78201. (512) 
699-9260. 

WANTED: Johnson Navigator. State condition, price 
Shipping paid. WA2QKF. 

MOTOROLA HT220, HT200, and Pageboy servlce and 
modiflcatlons performed at reasonable rates. WA4FRV 
(804) 320-4439. evenings. 

AUTHORIZED DEALER for Dentron. KLM. Larsen. Bear- 
cat. etc.. Big Catalog 201-962-4695 Narw~d Electron~cs, 
61 Bellot Road, Ringwood, N.J. 07456. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$ S O .  Walter. 2697 Nickel. San Pablo, Ca. 94806. 

TELETYPEWRITER PARTS WANTED: for all machines 
manufactured by: Klienschmidt Corp.. Teletype Corp 
and Mite. Any quantity, top prices paid send list for my 
quote. Phil Rlckson. W4LNW. Rt. 6, Box 1103G2. 
Brooksville. FI. 33512. 

VERY in.ter.est.lng! Next 4 issues $1. "The Ham Trader", 
2435 Fru~tville, Sarasota, FL33577. 

ROHN TOWER Special limited time sale 25G - $29.00 
section 11G - $19.00 section. Hill Radio. 2503 G E Rd.. 
Bloomington. lL61701. 

HOMEBREWERS: Stamp br~ngs component list. CPO 
Surplus, Box 189, Braintree, Mass. 02184 

CHANNEL ELEMENTS NEEDED KXN1024A. Motorola 
for M ~ c o r  Radio. Need several. WAGCOA, 4 Alax. 
Berkeley, CA. 94708. (415) 843-5253. 

WANTED: Manual for  Lavole LA-18MY Spectrum 
Analyzer - Wayne E. Eberhard K6TWX. P.O. Box 1196, 
Alturas. Calif. 96101. 

EZ does 11 best. Deals, that is, on Yaesu, ICOM, Drake, 
Swan, Cushcraft. Larsen, KLM. Dentron. VHF Eng~neer- 
ing and Wilson. For new or used gear call, see or wrlte 
W0EZ. Bob Smith Electronlcs, 12 So 21st St., Fort 
Dodge. Iowa 50501 (515) 576-3886. 

STOP LOOKING For a good deal on amateur radlo equip- 

ment - you've found it here - at your amateur radio 
headquarters in the heart of the Midwest. We are factory- 
authorized dealers lor Kenwood. Drake. Collins. ICOM, 
Ten-Tec, Atlas, Hallicrafters. KLM. Wilson. Regency, 
Tempo. Swan, Mldland. Alpha. Standard. Dentron, Hy- 
Gain, Mosley. Cushcraft. Yaesu, and CDE, plus ac- 
cessories. Thousands of thrifty hams from coast to 
coast already know us and we invlte you to join them by 
writing or calllng us today for our low quote and trying 
our personal and friendly Hoosler servlce. HOOSIER 
ELECTRONICS, P. 0. Box 2001, Terre Haute. Indiana 
47802. (812) 238-1456. 

TECH MANUALS for Govt. surplus gear - $6.50 each. 
SP-6OOJX. URM-25D. 0s-8AIU. TS-173lUR. Thousands 
more available. Send 500 (coln) for 22-page Ilst. W31HD. 
7218 Roanne Drove. Washington. DC 20021 

WHY WAIT UNTIL THE NEXT HAMFEST? Your call sign 
and handle custom printed on a quality T-shirt Colors 
available: whlle, black, tan, gold, red, yellow, or blue 
Sizes. Small-Medium-Large-Extra Large Clubs quantlty 
discounted $6.00 - TEE-SHIRTERY. KSPM, P.O. Box 
101-8. Medinah. lllinols 60157. 

/Ic BARGAIN) 
Just arrived - thousands of ICs. Re- 
moved from socketson new P.C. boards. 
All marked with standard numbers and 
in the 7400 series. Examples of nos. are 
7486-7495-7496 etc. Chance of a life- 
time. Sorry no choice of numbers. We 
mixed them up. 50 for $7.50 ppd. 

100 for $12.50 ppd. 
High-gain  8 wat t  - '..;l.&%O.; 
audio amp. 20 mV will ;bi 0.. .q :rr@ 
drive it to 8 watts out. -, ,:ha: Rectifiers and filter ii0 I.. ,.. 
cap on the board. lj.,z &. "o 
Size approx. 3 "  x 4 "  x 3" high. All you 
need is 24-0-24 volts ac. Of course we 
supply schematic. $3.25 ppd. 
100  volt PIV 8 amp 3 phase 
bridge. Motorola no. MDA 1505-2 
factory new. Will work swell on 
single phase. $2.75 ea. ppd. 

,%A J , - PL55 patch cord - a full 
20  feet long with a molded 

A' PL55 one end. Real nice. 
4' A low - 75c ea. ppd. 

Wire-Wrap Prototype Board. Factory new - - never wired. Assorted 
Some 8 pin - 14 

, sockets $18.00 ea. ppd. 
Matching wire wrap 86 pin edge connec- 
tor while supply lasts $2.50 ea. ppd. 
4PDT Relay, 12VDC coil, Potter 
Brumfield, 5 amp contacts, fac- @ 
tory new of course, a beauty 

$1.90 ea. 
Jumbo LEDs. .2 inch diameter. Color- 
Red. Prime factory units. Not seconds or 
retests. 20c ea. ppd 
2"  Square Speaker. 8 ohms. 
Mounting holes in the corners. 
Very nice unit and easy to mount. 

$1 .OO ea. ppd. 
6 foot AC Line Cords. 2 conductor heavy 
duty. Color white. 40c ea. ppd. 
1/16" Copper Clad PC Board Material 
3 " x 3 "  - 2 for 2 5 ~ ;  3 " x 6 "  - 

30cea.;  6"x6"-75cea. 
@ 18 pin Solder Tail. IC Socket 

- for that memory chip. 
28c ea. ppd. 

2-1/4" Round Speaker. 8 ohms 
- . 3  watts. Factory new of 
course. $1 .OO ea. ppd. 
Resistor Assortment. All new FULL 
leads. Color coded. Some 1/8 - 1/4 - 
1 /2 watt. 100/$3.00 ppd. 

ALL ITEMS PPD USA 
SEND STAMP FOR LIST O F  BARGAINS 

PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863-7006 

12690 ROUTE 30 
NORTH HUNTIIICOON, PA. 15642 

QSL FORWARDING SERVICE - 30 cards per dollar. 
Write: QSL Express. 30 Lockwood Lane. West Chester, 
PA. 19380. 
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I WANTED: Tower 50 + 11.. Llnear Ampl~l#cr 2000 PEP FOR 
SALE Ollglnal HRO, colls, power supply, manual un. 

POPULAR TOROID 
mod8lled. excellenl $250 Hall~crailers SX146. mlnl $165. 
WA2VHB. Mlrklnaon. TWO Pane Drlve South. Roslvn. N.Y. I ASSORTMENT I 

I I I1576 

TELETYPE EQUIPMENT lor beginners and experienced 
operators RTTY machlnes, parts, suppl~es Beginners 
sDec!al Model 15 Prlnler and demodulator 113900 

COLLINS R.392 For Sale: High precisnon receiver lor FOR CONVENIENCE AND LOWER COST. 
m~lllary use. completely recondltloned $130 wllh power ASSORTMENT INCLUDES: 2 pcs. each. 
supply. 190 Hlllcresl Rd.. R~dgewood. N. J. 07450 1201) T25-2. T25-6. T37.2, T37-6. T37-10. T37-12. 
444.0425. T50-10. T50-12. 168-10. 1-80-2, T80-6. 

- 

TEKTRONIX OSCILLOSCOPE and plug ln manuals lor T-94.2. 3 pcs. each. T50-2. T50-3. T50-6, 
540 series and some older models $10 each. Please send 168.2. T68-3. T6&6 AND CONVENIENT 
stamp lor lisl. WBONPM. 7741 Chanhassen, Rd. X353. STORAGE BOX AND SPEC SHEETS. 
Chanhassen. MN 55317. 

TELETYPEWRITER PARTS, gears, manuals, SuP~lies. handling. Prices subiecl .- 
tools. loro~ds. SASE list Typetronics. Box 8873. FI. 
Lauderdale. FL. 33310. N4TT Buy oarls, late machines. I 

RUBBER STAMP. namelcalllQTH 12.50 pod. ICA 
resldenls add lax). LWM Press. Boa 22161. San Diego. 
CA 92122. I 0 I A I I I  P A L 1  I 

FOR SALE - Cleaning Shack H.V. 8 Fil. xlormers. 
Chokes Sell by pound - SASE lor Llsl W5GYPIW5MVO 
512.787.6414.712 Alameda, San Juan. TX 78589. I oAVIS COUNTER I 
HAM RADIO HORIZONS, a super new magazine lor Ihe I$,NEw$ TO 600 MHZ! Begmner. Ihe Novlce and anyone interested In Amateur 

I 
Radw . . . Whal 11's all aboul. How l o  gel started. The fun nkaA MODEL 7208 

RTTY - NS.1A PLL demodulator. Board $3.50; Parls 
$15.00; WIT $24.95. all postpaid. SASE lor Inlo. Naf Slln. 
nelle Eleclrontcs, Tavares. FI. 32778. 
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ALDELCO ELECTRONICS COMPANY 
Weve Ikne it Aq,$ln l lur  Baflary 
Operalad Frsquancy Counlar and 

As~UIIhlCil dnC Ic:IcII I 1  l l l e  k t  
nlgnal Clock KII NOW .ti.jt~.,ir~+. 

Plirc 

Frequency Range 100 Hz lo 40 MHz ONLY 
Tvp8cdl Ipfescdler 101 600 MHz coming f 99.95 
soon) S!x 819 O 4 LED Olsplays Clock c.4" be I ?  t j r  I Ht ,I 4 or 6 
Oinll5 I ?  VDC Oaerdlton or R AA Nlcadr can be uw!O 1. ock runs 

Superior Quality and - Construction at a price 

Tristao is a pioneer. Years of  
designing and  manufactur ing 
show i n  structural  performance 
and pract ical  pricing. Cer t i f ied  
welded c o n s t r u c t i o n ;  sand- 
blasted surfaces; hot.dipped 
galvanized; heavy d u t y  f o r  ca. 
paci tv,  strength, safety. Send 
f o r  FREE Catalog. 

S ~ l l  u ~ ~ ~ l v l r ~ t n g  3R' 10 84'lor most 
I,, h,$r>d ihe~ms an 60 mph winds. 
Eq~l~pped wtlh heavy dsly winch. 

hcams to 8 rq. 11. Takes CDR HAM II 
and r!m$lar rotors. Complete installation 
packaqes available. 

50 mpl, w~ods. Scll SI~I~III~~IIIIII. 
Wllh wtncb and cdllle. 

Models Irool 4 0 '  10 61' .  

FULL-LINE OF MINIMAST 

NEW EXCLUSIVE ROTOR BASE 
For rlarldard CDE o r  olllcrs 

prl&s. llea markel. Salurday nigh1 banquet. FCC exams. 
and a luncheon a1 Ihe Hamfesl sile. Conlacl Eddle 
Kosobucki. K4JNL. 5525 Perry Ave.. Columbus. GA 
31904. 

MANSFIELD MID.WINTER HAMFEST - Aucllon - 
February 5. 1978 R~ch land Counly Fairgrounds. 
Manslteld. Ohta Prizes. Flea Market. Auclion. Large 
hea led bu i l d i ngs .  Doors  open 8AM. Talk.in 
146.341146.94. Tickels 51.50 In advance. $2.00 a1 Ihe 
door. Conlacl Harry Frlelzhen. K8HF (KBJPF) 120 
Homewood. Manslleld. Ohno 44906 or phone 41952% 
2801 or 419524.1441. 

MICHIGAN - Livonla Amaleur Radio Club's 8lh annual 
Swap 'n Shop. Sunday. February 26. 1978. 8:W A.M. to 
4:00 P.M.. at the Stevenson High School. Livonia. 
Mlchlgan. Plenty ot lables, door prizes. relreshmenls. 
and free parking avallable. Ta1k.i" on 146.52 Simplex. 
Wrote Neil Coffln WA8GWL. P.O. Box 21 11. Llvonia. 
Mlchigan48150. 

-- - 

17th ANNUAL MICHIGAN CROSSROADS HAMFEST 
Salvrday 34178 8:W openlng Marshall Hlgh School. Ex11 
110 from 1-94 near 1-69. Over 53M) in door prlzes. Check in  
146.07167 146.52 lor lucky QSL card. Donallon $1.50 ad. 
vance, $2.00 at door. Table donallon 3X each loot. Con- 
lac1 K8UCQ. Goodrich. 110 Perrelt. Marshall. MI 49068. 
(616) 781-3554. 

ANNUAL DAVENPORT RADIO AMATEUR CLUB HAM. 
FEST. Sunday Feb. 26. 1978 a1 the Masonic Temple in  
Davenport. lowa. Admlsslon: 52.00 advance. 1250 at 
door. Talk-in on 28188 and 52 simplex. Refreshmenls and 
lables available. For lnlo and ltckels send S.A.S.E. to 
John Birmmgham. WBBOCC. 2022 Brown. Davenport. 
lowa 52804. 

STERLING.ROCK FALLS AMATEUR RADIO SoCiely 
Hamlesl March 5. 1978. Sterllng High School Field 
House. 160E 4th Avenue. Slerllng. Illinois. Indoor llea 
markel restricled l o  radio and electronic llems only. 
Tables oblakned at door. or bring your own. (f3.W for Ih 
table. $6.00 lor lull lable). Free parklng avatlable, in. 
ciudlng campers and Irallers. Admission: 11.50 advance. 
52.00 afler Feb. 15th. 1978 or at Ihe door. Wrlle - Don 
Van Sanl. WA9PBS. 1104 5th Avenue. Rock Falls. i L  
61071. Make checks payable to Sterling.Rock Falls 
Amateur Radio Soclety. Talk in 146.94 simplex. 

NEW HAMPSHIRE OSO PARTY - 20002 February 10 l o  
05002 February 11. and 14002 February I 1  l o  02002 
February 12. Slations may be worked once per band per 
mode. New Hampshire Slallons send RSm and counly; 
olher send RS(TI. ARRL sectton or counlry. Suggesled 
frequencies: CW 1810, 3555. 7055. 14055. 21055. 28130 
kHz: Phone 1820.3935. 3975. 7235. 14280.21380. 28575 
kHz: Novlce 3730. 7130. 21130. 28130 kHz; and VHF 
50.115, 145.015 MHz (simplex only). SASE l o  Concord 
Brasspounders. Inc.. 9 Vla Tranquilla. Concord. New 
Hampshire 03301. Mailing deadllne March 15.1978. 

- 
MECKLENBURG AMATEUR RADIO SOCIETY - 1978 
ARRL.sanclioned Hamlesl. Aprll l s l  8 2nd. 1978. 
Charlotte CIVIC Cenler: plenly of parking available. 
Delails from W4BFB. 2425 Park Road. Room 023. 

I 4 1 5  E. 5 t h  St. - P.O. B o x  115 1 Charlotle. NC 28203 

I Hanford .  CA 93230 1 Ph. (209)582.9016 1 
I Senrl I ne  you r  con lp le fe  catalog. 

! N a m e  I Stolen Equipment 
I I Address 1 REGENCY HR2B Reglslratton Number 2200.363 En. 

graved on the lell front side and the speaker termlnal 
I C l t v  

I strop 1s replaced wl lh  a mlnl-plug Transcetver IS 

I I brackeled loan AR.2 Regency Amplifier If localed nolily 
S ta te  ZIP ( the Sandusky Pollce Depl . Sandusky. OH 44870 or Call 1- I oo -1-0 o I - I o o I Earl Cartler. K8WCPcoilect 1.41%6251817 

&n co;nlai IS 6 ureand when swllch IS ~n 011 pos,l~on 
8 Slle AA Nlcaa Natlcr8el $17 50 
1111 Voll AC Pltlg IN Power Supply b Charger 5 95 
ACCUKEVER KIT. Simllnr lo Handbwk uerslon Includes PC Board. 
IC 5 Socrrtr Sall parlr $19 95 
ACCUKEYER MEMORY KIT. Matches our Accukeyei and 
nldny ulnc,r key?!% lwo rnemorles 01 30 Characters each 
17 1101 M~mdry Chip81 lncluaes PC Board. lC s Sockets an0 dl1 
parts $19 95 
Oval d~qllai 12 Or 24 HOUR CLOCK KIT. NOW WITH A NEW 
WAl.Nlll WOO0 GRAIN CANINE1 MoOcl ALD 'r-W Slr 8lg il 5 
Ulrp1,iyr Only 14995 I! or 24 
Hoi~r Opernl~on - t.xn Clock con 
tralled separately Freeze Fcature lor 
T8me Sel - Easv assemolv lor 
clock and Cablnel 
Model ALD 5.P Same KII as abwe out w~ln t~n.jsrcmo ti1 Black 
Plarllr Clhlnel wllh R ~ O  Fnllpr ON1 Y I 4 4  95 . . . ~ 

LLARM CLOCK NIT b x  I? ~ t i l  Uspld, Re~ao~ls L .IPIPC 1 me 
01 I ,111 n.8.r For 1111 *In 74 no., Alarnl jnoore Ir .I ~c AM 
PP! O I J  cal,! Pmet SLUO. oo*er I A I L ~ ~  .~dtc.~lo! O\. I s.4 ' 1 ' ~  

17 or 7n ~aur  clock KII 'O kb~sp~ay LED s 18 95 
Wood Craln Cabtnet 4 95 
TUNABLE AMATEUR TV CONVERTER 
Receve Far1 Scan A I V  ~n tne 42'0 MHz Band wllh any TV Sel Low 
nolr? nlqh qntn Ampl8ller sldg~ wllll Valaclor Tuned lnpul and 0111- 
pul Bull1 111 110 VAC Supolv Iwo lone Walnut 8 Belge Cablnel 
mc.d~uting I-!/8"r 4-114" L 4-l is"  
Fdrlory Wired b lesled 1 Ycdr Guaranly Only 149 95 
K8t ICIII~CJI circ~lls pteworedi Only 939 95 
Adlutlable Pomr Supply Kds. 500 MA 
5 1" I:, volls 56 I15 17 10 20 Volls 6 95 
Power Supoly KII ol Parls 5 Voll6 Amp 1 7  95 
land $1 (liloer Power Supply sh~optngl 
Arld 511, frtr Str!pj,,,,rg Mm Ordm Sl0.W our of USA send 
Ct,rr,frrd Cttech or M<,,8,ncy Order ltnclmi~ Posrge. 

Mommomm 
92filH B,lbylr,h Turrli,lkf'. Mt'rrtch, N Y 11556 

15161 378 4555 
.Tend Ir,rlasr rlarrzo h,r ~,urcaraloo 

* R e d v m  - Drake, Yaau - spmd 
mods for better performnce *Frequency 

The New 1978 
32nd Edition 
WORLD RADIO TV 
HANDBOOK 
Is Ready! 
Listen to the  wor ld  with th is  
comprehensive directory o f  
stat lons at your side. Best 
there is! Only $11.95ppd. 

FREE SWL MINI-CATALOG 
GILFER SHORTWAVE 

Dept. HR-2, Box 239, Park Ridge, NJ 07656 
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ON A 26' BOOM!! 
'or 20,15 and 10 METERS 

The new standard o f  performance for Tribanders i s  the Wilson System One!!! A DX'ers 
delight operating 20 meters on a full 26' boom with 4 elements, 4 operational elements 
on 20-15-10, plus separate reflector element on 10 meters for correct monoband 
spacing. Featured are the large diameter High-Q Traps, Beta matching system, heavy duty 
Taper Swaged Elements, rugged Boom to Element mounting . . . and value priced at 
$259.95. Additional features: 10 dB Gain 20-25 dB Front-to-Back Ratio OSWR less 
than 1.5 to 1 on all bands. 

SY-1 SPECIFICATIONS 
Matching Method . . . . . Beta Impedance. . . . . 50 o h m s  Longest Element. 26' 7" 
Band MHz . . . . . . . . . . . 14-21-28 FIB Ratio . . . . . 20-25 dB Turning Radius . . 18' 6" 
Maximum Power Input. Legal Limit Boom Length . .. 26' Mast Diameter . . .2" O.D. 

Gain. .  . . . . . . . . . . . . . 10dB (2" O.D.) Boom Diameter. .2" O.D. 

VSWR lat Resonance) . 1.5 to 1 No. of Elemants. 5 

ADVANCED DESIGN LARGE DIAMETER 
H I G H  0 l R A P S  FOR M I N I M U M  LOSS A N 0  

MAXIMUMPOWER CAPACITY 

H E A V Y  D U T Y  BOOM 
TO ELEMENT EXTRUSION 

For complete specifications on the ot 

Surface Area . . . . . . 8.6 s q .  f t .  
Windload at 78 mph 215 Ibs. 
Shipping Weight: . . . 65 Ibs. 
(UPS Shipment in 2 Cartons) 

INSULATED DRIVEN ELEMENT WITH PRECISION 
BETA MATCH AND H E A V Y  DUTY ELEMENT MOUNTS 

Nnle Balun not rndzrded 

7ove products or o copy of our new Amoteur Products Buyers Guide, write: 
Consumer Products Division 

Wilson Electronics Corp. 
P.O. BOX 19000  LAS VEGAS. NEVADA. 89119 (702) 739-1931 .TELEX 684-522 



New! Broadband antenna 
' matching. 

For all verticals and mo- 
bile whip antennas. 
Smaller size and higher 
efficiency. Only 3%" 
diameter for full 5-Kw 
PEP capability. 

Here is the answer to the match- 
ing problem for vertical antennas 
and mobile whips. A broadband 
transformer that matches your 
50 ohm transmitter to 32, 28, 22, 
18, 12, 8, or 5 ohms. Plenty of 
taps to match any vertical orwhip. 
And with no tuning or other ad- 
justment. The RF Transformer is 
completely broadband 1-30 MHz 
(1-10 MHz on three lowest taps). 
So when you change frequency 
within a band you need only re- 
tune the antenna to resonance; 
not fiddle with a matching net- 
work. 
Also, more power goes to your 
antenna. The RF Transformer is 
more efficient than a matching 
network or tuner-less than 0.1 
db loss. 

As always, when you buy Palomar 
Engineers you get the best: large 
ferrite toroid core, teflon insu- 
lated wire, sealed epoxy-encap- 
sulated weatherproof construc- 
tion, stainless steel mounting 
hardware, full 2000 Watt CW 
(5-Kw PEP) capability. 

Send for free brochure. 

Improve your station. Simplify 
your tuneup. Get better results 
with the new Palomar Engineers 
RF Transformer. 

Order direct. $42.50 postpaid U.S. 
and Canada. California residents 
add sales tax. 

Looking for I I BACK ISSUES 
of HAM RADIO 

agazine? 

I ~r our recently up- 
aareo 11st of all available 
backissues from March 
1968 through December 
1977. Try to  complete 
your valuable reference 
collection of HAM RADIO. 

*" 30 each, 3 for $4.95 
C r your copy today. 

As another year ends and 
a new year begins, i t 's 
time to collect last year's 
issues of HR and protect 
them from wear and tear 
in a handsome, durable 
buckram binder. Binder is 
attractively illustrated and 
includes a gold-stamped 
date label. (Available in 
large size only for 1976 
and 1977.) 

$6.95 each, 3 for $1 7.95 
SAVE by ordering for the future 

ENCLOSE PAYMENT order TODAY. ----------- 
ham Greenville, NH 03048 

radio 
Send me the current list of avail- ! able backissues of HAM RADIO. 

I Order 1 magazine binder.. I enclosed IS $6.95 

1 Order 3 binders. . . . . . enclosed is 

I $17.95 

I Address 

10's OF THOUSANDS 
OF CRYSTALS 

IN STOCK! 
H25C CASE 

I m m d ~ r e  d8Cvmy on most hqueneirs! 
OTHERS ARE SPECIALORDER 

CRYSTAL BANKING SERVICE 
P.O. BOX 683 

LYNNFIELD, MASSACHUSRTS 
01 940 
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Wired an 
K-1 elem1 

$29.95 each 
d tested, completc 
ent 

i with 

More Details? CHECK-OFF Page 1 

I 
BREA, 

r ~ T W ~ I  

a. 0. BOX 153 
CALIFORNIA 92621 

714) 998-3021 

K-1 FIELD REPLACEABLE, 
Dl I IG-IN, FREQUENCY 

ERMlNlNG ELEMENTS 

$3.00 each 



Clegg won't sell you a radio 
in a factory sealed carton! 
When you purchase your YAESU, WILSON. KLM, DENTRON. HY-GAIN. 
ATLAS or other selected product from Clegg, please don't expect to 
receive it in a factory sealed carton. When we deliver any of these fine 
pieces of equipment to you, we want to be certain it meets or exceeds all 
the manufacturer's specs. First of all.we want to warrant that it does; 
secondly-you're entitled to that extra assurance! We thoroughly test 
each unit before we ship it. And we furnish you with test data. 

If getting a super discount on your new radio is important to you--or if 
you insist on a factory sealed carton, we suggest you shop elsewhere. 
But-if you want the positive assurance that you are receiving the value 
and performance you're entitled 
to--then we are the gyys to talk to. 

For complete details and 
prices on any Clegg-approved 
product,  telephone Toll Free 
1-(800)-233-0250 (In Pennsylvania 
call Collect (717)-299-7221), Or 
drop a card to Clegg Communica- 
tions Corp., 1911 Old Homestead 
Lane, Greenfield Industrial Park 
East. Lancaster, PA 17601. 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan- 
dard. Use with our C H A N -  
N E L I Z E R  or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available in KIT FORM - 
GLB Model 200 MINI.SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

1952Clinton St.. Buflalo. N. Y .  14206 

Oak Hill Academy 
Amateur Radio Session 

19th )'par - j111!/ 2$J t11r11 A I I ~ I I . \ ~  1 1 ,  1978 
We h a w  r ~ ~ ~ s v c ~ l  ~ t u r  lbtc;tti<~r~ 1tw1 IS miles 
f n m  cmr previous site 1,) the 0 .1k  Hill Acad- 
emy. Mouth 111 \Vilsrnn. Virgini;,. 
Our ncconlmc,<lnlir~n\ are 111n1, the finest one 
rr,ttld hcll>t. fcm. s t l i t~s  in 11 hr;tutihnl Dorm 
with hnlh f o r  each frwr stuclmts. Lwr ly  rpn- 
cit>tlr Ianhhy imtl line rccrcittinn mrlm in the 
II>\I.P~ Ic\.PI of the clcmn. 
0;tk Hill Antdrrny in the Appalachian Moun- 
tains of Viraini;~ oflers itn intensive two week 
R;rlio Sprricm in cede nnd thmry startin): nt 
vuur level. 
Expert inrtnlctars, some of whom have been 

thp .it:aff h ~ r  the past 18 years nlr the 
r;nne. Only the l~rciati<m has heen chancrd. 
(:lclrr nsrocinti<,n with fellow nvnnteurc olfrrs 
an uppcrrtunity for Satarnlicm LearninC thnt 
has hern very rt~cuessf~tl since its ctlnrr >tia,n. 
Novices upgrade tc~  (;cni-naI. Trrhs  11) dcn rml  
h Advanced, and Advnncr.<l hecrlnte Extras. 
Golf nrivilt,zes. cnnorinr! on the h'cw 1livc.r & 
ntsny- othrr rr.rrcntic,n srlnvxlicr iarr ~,flrrpd. 
hlnkr ywlr vnratirxn :I "Vitmtit,n with ;I Pur- 
p c ~ ~ ~ ~ "  ittnd t ~ ~ , g r n ~ l r  ycntr l i c rn~ r  at it h e i ~ u t ~ f t ~ l  
s c h ~ ~ > I  in lhc c w ~ l  m o t ~ n t ~ ~ ~ ~ ~ s  <)I  V i r ~ i n i n  
Formrrl!, C;larlc Vnllry School Radio Scssion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 C. L. PETERS. K4DNJ. Director I Oak Hill Academy Amateur Radio Session I , Mouth of W~lson. Virginia 24363 ! , I Name C a l l  

I Address 
I 

I 

I City/State/Zip 
I 
I 

I-----------------------------------! 
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DICK EXPERIENCE the Ultimate BOB 
K4RYR in Scanners W4YYS 

The Touch:" 
b y T q e * c u  

over 15 000 lrequencles at your llngsrtips 
'329 our price 

Scans the Channels In 1 3 Seconds 
Spec~al Weather Alert' and Prlorlty Scan features S279°0 

LAFAY ETTE RADIO ELECTRONICS ZE 
1m 1811 HWY 17-92, MAITLAND, FL. 32751 

305-831-2271 D 

An extraordinary world of DX from 
your mobile station with the 

All Solid State Metron 1000 
No tuning or adjustment whatever over 
80,40,20,15 and 10 meters 

For direct use with standard automobile batterylalternator 
Base station with optional 13.6V power supply 
Fully remote controlled 
Suitable for use with any transceiver in the 100W class 
Heatsink convector-cooled and thermostatically controlled 
8 powertransistors of latest stripline RF linear devices: 
rated for operation at infiniteVSWR 
Meets all applicable specifications 

Power input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.6V DC 1000W 
Power output . . . . . . . . . . . . . . . . . . . .  13.6V DC 600W PEP typical 
Harmonics . . . . . . . . . . . . . . . . . . . . . . . .  -5048 all amateur bands 
Drive level.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .60W PEP 50 ohms 

For further details, send for free informative brochure 
Dealer inquiries invited. 

MAGNUS - - -- - - 

ELECTRONICS CORPORATION 
5715 Llncoln Avenue. Ch~caqo. l l l~nols 60659 

Phone (312) 334-1 502 Telex 253503 MAGNUS CGO 

COLLINS & MORE 
Collins 7583B. Ham rcvr $725.00 
Collins 31284. Excell.. round. $250.00 
Collins 7583 very $425.00 
~ollins 3253: roun3::c.l. 1995.00 
Colltns 7583. round. excel. $1195.00 
Callons R388/51J3. vy. gd. $425.00 
Collins 31285 VFO console $550.00 
Collins 51Sl. i-30 MHz receiver SPECIAL 
Collins KWM-ZA. round. vy  good $925.00 
ITT.MacKay Marine. .07-30 MHz. SSBIAM. 
recetver 500 Hz filter 1595.00 
New ~ 3 b 0  receivers avail. Call for quote. 
We stock good used equipment from Collins, 
Drake, Hcath aAd other manulactunrr. Hundreds 
of test Items also available. Call for spec~fic re- 
qsirements, or write for free catalog. 

DAMES COMMUNICATION SYSTEMS 
201 -9984256 

10 SCHUYLER AVENUE 
NORTH ARLINGTON. N. J. 07032 

- -. -- 
A l l  rquipmrnt sold checked and realigned 

We have the worlds largest selec- 

tion of synthesizers for receivers, 

transmitters and transceivers. For 

complete details see our 113 page 

ad in the April 1976 issue of this 

magazine or call or write for addi- 
tional information. Phone orders 

accepted between 9 AM and 4 PM 

EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 



REYCO 
"WZVJ" A N T E N N A  COILS 

THRUUNE -.-...- ... 
WATTMmR 

MODEL PRICE 
.43 $120 

Elements (Tabla 11 2-30 MHz 42 
Elemenn (Table 11 25-1000 MHz 36 

Carrying case for  Model 43  & 6 elements 26 
-c--e Carryins case fo r  12 elements 16  

U N ~ D ~ L L A  omm~w~mo* 
I%l.i",.".I .I. 

S~~R~~*CI.(LLICYIO PUIS Read RF Watts Directly. (Specifiy Type N or SO239 connectors) . . . . .  
..-*,".c" . . . . . . . .  ,I,.-," - :;:,';:"., .,,::,'::.: : >=,,,:,? w"4 
,,,." ,,,, 0" ,,., w . ,  . .m.. ..... 

* . . 1 1 . , I (  "l 5 P"C.:"".."'-, ........... ........... I...... ..............,, 0.45.2300 MHz, 1-10.000 watts %%, Low  Insertion VSWR - 1.05. .. .............. ,".,." . 1 .......*O.. 

v..... 

.,,,.- ...................... ... ........ .,...... ............$....,, Unequalled economy and f lexibi l i ty: Buy only the element(s) covering 
l.." 
2 "3" ,.,.., ., 9 '  .". . ",,, 8." d L W , "  , .".,., .......... ..............................I... Your present frequency and power needs, add extra ranges later if your 

,,..,*,, requirements expand. 

Crystal Company 
Motorola H T  220 Crystals 

in Stock! 
Novice Crystals (Specify Band Only) 
I n  Stock: Standard I Icom 1 Heathkit I 

Ken I Clegg I Regency I Wilson 1 VHF Eng. 
I Drake - and others1 $4.50 @ Lifetime 
Guarantee; indicate rnakelmodel, xmit. fre- 
quency, rec. frequency. 

Why Waste Watts? SWR-1A 525.95 

SWR-1 guards against power lossl I f  you're 
not pumping out  all the power you're 
paying for, our l i t t le SWR.1 combination 
power meter and SWR bridge wil l  tell you 
so. You read forward and reflected power 
simultaneously, up  t o  1000 watts RF and 
1:1 t o  inf in i ty  VSWR at 3.5 to 150 MHz. 

Got  i t  all tuned up? Keep 41 that way 
wi th SWR-1. You can leave i t  right in your 
antenna circuit. 

&Tl~rl MLA-2500 $799 
DenTron Radio has Dacked all the 
features a llnear amplifter should 
have nnto thelr new MLA-2500. 
Any Ham who works It can tall you 
the MLA-2500 really was buil t  t o  
make amateur radio more fun. 

ALC circuit t o  prevent overloading 
160 th ru  10  meters 
1000 watts DC input on  CW. RTTY or 

SSTV Continuous Duty  
Varlable forced air cooling system 
Self-contained continuous duty power SuPPly 
TWO EIMAC 8875 external anode ceramic1 

metal trlodes opsratlng In  rounded grid 
Covers MARS frequencler wit i tout modifications 
50 ohm input and output impedance 
Bullt- in RF wattmeter 
117V or 234V AC 50-60 hz 
Third order dlstortlon down at least 30  db  
Fraquency ran e: 

1.8MHz (I.%-2.5 3 5MHz (3.4-4.6 
7MHz (6.0-9.0) ? ~ M H Z  (11.0-16.0 3 21MHz (16.0-22.0 28MH.7 (28.0- 0.0) 

40  watts drive for 1 Kk' DC Input 
Rack mountlng k i t  available 19" rack) 
Sire: 51h" H r 14" W x 14" b Wt. 47  Ibs. 

.. -- .  . . T R O U B L E  FREE TOUCH-TONE ENCODER 

r'l r 2 0 0  -I 
P O S I T ~ V ~  TOUCH (KEYS DEPRESSI@MOBlLE*HANDHELO 
OtSK MOUNT NO POTTED PARTS (SERVICEABLE1 
MIL SPEC COMPONENTS NO R F I  SELF CONTAINLO 
X T A L  CONTROLLED LEVEL ADJUSTABLE FROM FRONT 

h 8  -0.4 

I-- . ," -" .....l...I. .. ...--, ..,I.... ..* *..,, -", ..,.-,... ...... 
w, ,"," ,,,,, --., ,%, 

I,.., ..",. . .,,,. -, ..,./. ..... ,".*. R ..--. - L....""& 'rn..l r w  -n *,...," ,*,.. ..... *,.,,,, <..,r,.r...,.I., ilRn."I"".l.l*-YIII m ........ *,I 
.Y....m.rrr ........ ,.Ir ,lrI-.l.,run., *-" !,.,Y-rl.nnil. 4"..u..."....w.I .<l"l".., 

AC Volts: 0-3-1 2-60-300-1.200 (5,000 Ohms per Volt). 

~ ~ l ~ i ~ ~ ~ ~ ~ ~  va+,.qS O h m :  0-20k-200k-2M a - 2 0 M  a 
Drop Resistant (200 Ohm center scale on  low range). 

Hand Size DC Microamperes: 0-600 at 250 mV. 

TRIPLETT Model 31 0 VQ-M DC Milliamperes: 0-6-60-600 at 250 mV. 
*Type 3 Accuracy: + 3% DC; + 4% AC; ( fu l l  scale). 

Seala Lenath: 2-1 18". - ~ -  - " - .  

1. Drop-mistant, hand-rize V-OM w i t h  high-imp8cl thermoplat ic  Meter: Self-shielded; diode overload protected; spring backed jewels. 

cJW. Care: Molded, black, high impact thermoplastic wi th slide latch 
2. 20.000 O h m  per volt DC and 5,000 O h m  per volt AC: diode cover for access t o  batteries and fuse, 2-314" w x 1-5/16'' d x 4-114'' 

overload protection with fused R x l  O h m  range. h. 
3. Singla range switch; direct reading AC A m p  range t o  fscilitata Battaries: NEDA 15V 220 (1). l % V  910F (1): Complete wi th 42" 

clamp-on AC Ammeter us8ge. leads, alligator clips, batteries and instruction manual. Shw. Wt. 2 
RANGES Ibs. 

DC Volts: 03-1260-300.1.200 (20,000 Ohms per Volt). Model 310 Cat. No. 3018 .......................... ,653.00 
1 - - - -  

N a m e  Call 

Address Dealer Programs 
NOW Available 

City S ta te  Zip- 

Order: Master Charge I Rad~o Electron~cs 
American Express 

! 209 Mystic Avenue V ia  
I Medford MA 02155 , (617) 395-8280 n Check enclosed 0 Visa n Master  Charge American Express 

Prices FOB Medford 
MA.  M A  residents add 5% 

1 FREE Gift With Credit card # 
sales tax. Minimum $3.00 
for  shipping & h a n d l i q  on  

I Evenb Order! Signature 
Card exp i r a t i on  date all orders. 

H - ...................... 
*Sample page from our  very large ma i l  order catalog, free for rhe asking! 

(We also have a dealer program n o w  available.) 
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The Leader in the Northwest! 

ATLAS ICOM KENWOOD YAESU 

YAESU Transceiver 2 meter  FM S S B  $595 
FT-301,160 th ru  10M $769. 

Other  locations: COMMUNICATIONS 01 TO PLACE ORDER 
(Walk-in cus tomers  only) 17550 15th  AVE N E 

CALL TOLL FREE 

Bellevue - 12001 N. E. 12th SEATTLE, WASH. 98155 

L 
IN STATE OF WASH. 

Everet t  - 6920 Evergreen Way 206-364 8300 1-800-562-7625 
I 

MODEL 5OOMHz B [ I [ i [ l i  [ CTR-2A 81 1  HZ 

- "'"l' 150 MHz 
The New Model CTR-2A Series Counters are deslgned and bui l t  t o  the highest standards 
t o  f u l f ~ l l  the needs of commerclal communlcations. engineering labs and serlous experl- 
mentors. With an accuracy of  + .00005% (oven optlon) the CTR-ZA can handle the most 
crltical measurements and Is about half the cost of  other commercial counters. 

I f  you need a relbable counter at an affordable prlce. the CTR 2 A  IS the answer 

Bullt-ln Pre-Amp 1 0 m v  @ 1 5 0  M H z  Per lod  Measurement (Opt tona l )  

8 D l g l t  3" L E D  D lsp lay  I n p u t  D ~ o d e  Pro tec ted  

H i g h  S t a b l l l t y  T C X O  T l m e  Bare 1 2 V - D C  Operation ( O p t l o n a l )  

Built-ln V H F - U H F  Prescaler O v e n  C o n t r o l l e d  Crys ta l  (Optional) 
Automatic Dp Placement + 5 ppm 
T C X O  S t d  2 2 ppm S e l e c t ~ b l e  Gate  Tlmes - 1 81 1 sec. 

500  MHz Kf t  CTR-ZA-5WK $249 9 5  
500 MHz Assembled CTR 2 A  500A 349 95 
l G H z  Kot CTR 2 A  lOOOK 399 95 
l G H z  Assembled CTR 2A-1000A 549 9 5  

OPTIONS..  . . 
02) Oven Crystal $49.95 05) 1 0  sec. Tnme Base $ 5.00 
03) .43" L E D  10.00 06) Period 15.00 
04) 12 V.DC 10.00 07) Handle 10.00 

@@- - 
O A L  I S  ELECTRONICS 636 Sherldan Or.. Tona.  N Y 14150 7 1  

Don' t  b e  absurd, b u y  a BIRD! 
. . . f r o m  your  Blrd distributor 

MODEL 
43 

ALL ITEMS AND ELEMENTS 
ORDINARILY IN STOCK 

P r e ~ a l d  Shipment in Continental USA Only I 
- p c ~  - PCB - PCB - PCB - PCB - PCB - 

m 8 
Y - ETCH-IT-YOURSELF m 

I --..-" \ -. i:: Y -  1 
Printed Circuit 2 

M 
1 

e NOW YOU CAN design and produce your .? 
G own prlnterl ckrcult boards. E_ 
P IT'S EASY. Photo positive method. No , 
; darkroan> required. B 
2 LESS THAN 2 HOURS to produce e p.c. 2 

board dlrect from magazine artlcle. , 
I KIT INCLUDES mater~als to make 4 P.C. ' 

m boards dorecl from magarme article. 8 
2 Add $1 for COO. S.A.S.E. for details. 

I c m  EXCEL CIRCUITS CO. I - - -  - - -  ~ 

m 3 4412 Fernlee 313.5490440 3 
Y Royal Oak. MI 48073 

-PCB - PCB - PCB - PCB - PCB -PCB - 
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DIODESIZENERS 
IN914 1 OOv lOrnA .05 
1 N4005 600v 1 A .08 
IN4007 lOOOv 1 A .15 
1 N4148 7 5v lOmA .05 
1N753A 6 . 2 ~  z .25 
1 N758A 1 Ov z .25 
1 N759A 12v z .25 
1 N4733 5.lv z .25 
1 N5243 1 3v z .25 
1 N 5244B 14v z .25 
1 N5245B 15v z .25 

SOCKETSIBRIDGES 
8-pin pcb .25 ww .45 

14-pin pcb .25 ww .40 
16-pin pcb .25 ww .40 
18-pin pcb .25 ww .75 
22-pin pcb .45 ww 1.25 
24-pin pcb .35 ww 1.10 
28-pin pcb .35 ww 1.45 
40-pin pcb .50 ww 1.25 
Molex pins .O1 To3 Sockets .45 
2 Amp Bridge 100-prv 1.20 

25 Amp Bridge 200-prv 1.95 

TRANSISTORS, LEDS, etc. 
2N2222 NPN (Plastic .lo) .15 
2N2907 PNP .15 
2N3906 PNP .lo 
2N3054 NPN .35 
2N3055 NPN 15A 60v .50 
TIP1 25 PNP Darlington .35 
LED Green, Red, Clear .15 
D.L.747 7 seg 5/8" high corn-anode 1.95 
XAN72 7 seg corn-anode 1.50 
FND 359 Red 7 seg corn-cathode 1.25 

C MOS 
4000 .15 
4001 .20 
4002 .20 
4004 3.95 
4006 1.20 
4007 .35 
4008 .95 
4009 .30 
401 0 .45 
401 1 .20 
401 2 .20 
4013 .40 
401 4 1.10 
401 5 .95 
401 6 .35 
401 7 1.10 
401 8 1.10 
401 9 .60 
4020 .85 
402 1 1.35 
4022 .95 
4023 .25 
4024 .75 
4025 .35 
4026 1.95 
4027 .50 
4028 .95 
4030 .35 
4033 1.50 
4034 2.45 
4035 1.25 
4040 1.35 
404 1 .69 
4042 .95 
4043 .95 
4044 .95 
4046 1.75 
4049 .70 
4050 .50 
4066 .95 
4069 .40 
4071 .35 
4081 .70 
4082 .45 

9000 SER 1 ES 

7400 .15 
7401 .15 
7402 .20 
7403 .20 
7404 .15 
7405 .25 
7406 .35 
7407 .55 
7408 .25 
7409 .15 
741 0 .10 
741 1 .25 
7412 .30 
741 3 .45 
7414 1.10 
741 6 .25 
741 7 .40 
7420 .15 
7426 .30 
7427 .45 
7430 .15 
7432 .30 
7437 .35 
7438 .35 
7440 .25 
744 1 1.1 5 
7442 .45 
7443 .85 
7444 .45 
7445 .65 
7446 .95 
7447 .95 
7448 .70 
7450 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .40 

7473 .25 
7474 .35 
7475 .35 
7476 .30 
7480 .55 
7481 .75 
7483 .95 
7485 .95 
7486 .30 
7489 1.35 
7490 .55 
7491 .95 
7492 .95 
7493 .40 
7494 1.25 
7495 .60 
7496 .80 
74100 1.85 
741 07 .35 
741 21 .35 
741 22 .55 
741 23 .55 
741 25 .45 
741 26 .35 
74132 1.35 
74141 1.00 
741 50 .85 
741 51 .75 
74153 .95 
74154 1.05 
741 56 .95 
741 57 .65 
74161 .85 
741 63 .95 
74 1 64 .60 
74165 1.50 
74166 1.35 
741 75 .80 

LM340K24 .95 
LM373 2.95 
LM380 .95 
LM709 (8.14 PIN)  .25 
LM711 .45 

J 

LM320T15 1.65 
LM339 .95 
7805 (340T5) .95 
LM 340T 1 2 1 .OO 
LM340T15 1 .OO 
LM340T18 1 .OO 

9301 .85 
9309 .35 
9322 .85 
95H03 .55 
960 1 .75 
9602 .50 

- T T L -  
74176 1.25 
741 80 .85 
74181 2.25 
74182 .95 
74190 1.75 
74191 1.35 
74192 1.65 
741 93 .85 
74194 1.25 
74195 .95 
74196 1.25 
74197 1.25 
74198 2.35 
74221 1.00 
74367 .85 

75108A .35 
751 10 .35 
75491 .50 
75492 .50 

74H00 .25 
74H01 .25 
74 H04 .25 
74H05 .25 
74H08 .35 
74H10 .35 
74H11 .25 
74H15 .30 
74 H 20 .30 
74H21 .25 
74H22 .40 
74H30 .25 
74H40 .25 
74H50 .25 
74H51 .25 
74H52 .15 
74H53J .25 
74H55 .25 

LINEARS, REGULATORS, 

LM747 1.10 
LM1307 1.25 
LM1458 .95 
LM3900 .50 
LM75451 .65 
NE555 .50 
NE556 .95 

8266 .35 
MCT2 .95 
8038 3.95 
LM201 .75 
LM301 .25 
LM308 (Mini) .75 
LM 309 H .65 
LM309K (340K-5) .85 
LM310 1.1 5 
LM311D (Mini) .75 
LM318 (Mini) .65 

MEMORY CLOCKS 
74S188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 
MM5316 3.50 
2102-1 1..75 
2102L-1 1.95 
T R  160281 

TMS 601 1 6.95 
8080AD 15.00 
8T13 1.50 
8T23 1.50 
8T24 2.00 
21 078-4 4.95 

LM340T24 .95 
LM340K 12 2.1 5 
LM340K 15 1.25 
LM340K18 1.25 

LM320K5 (7905) 1.65 
LM320K12 1.65 
LM320T5 1.65 
LM320T12 1.65 

74H72 .55 
74H101 .75 
74H103 .75 
74H106 .95 

74L00 .35 
74L02 .35 
74 LO3 .30 
74 LO4 .35 
74L10 .35 
74L20 .35 
74L30 .45 
74L47 1.95 
74L51 .45 
74 L55 .65 
74L72 .45 
74 L73 .40 
74L74 .45 
74L75 .55 
74 L93 .55 
74L123 .55 

74SOO .55 
74802 .55 
74S03 .30 
74S04 .35 
74S05 .35 
74808 .35 
74S10 .35 
74Sll .35 
74820 .35 
74S40 .25 
74SW .25 
74S51 .45 
74864 .25 
74S74 .40 
74S112 .90 
745114 1.30 

etc. 
LM723 .50 
LM725 1.75 
LM739 1.50 
LM741 (8-1 4) .25 

NE565 .95 

7481 33 .45 
74S140 .75 
74S151 .35 
74S153 .35 
74S157 .80 
74S158 .35 
74S194 1.05 
748257 (8123) .25 

74 LSOO .35 
74LS01 .35 
74LS02 .35 
74LS04 .35 
74LS05 .45 
74 LS08 .35 
74LS09 .35 
74LS10 .35 
74LSll .35 
74 LS20 .35 
74LS21 .25 
74 LS22 .25 
74LS32 .40 
74 LS37 .35 
74 LS40 .45 
74 LS42 1.10 
74LS51 .50 
74LS74 .65 
74 LS86 .65 
74 LS90 .95 
74 LS93 .95 
74LS107 .85 
74LS123 1.00 
74LS151 .95 
74LS153 1.20 
74 LS157 .85 
74LS164 1.90 
74 LS367 .85 
74 LS368 .85 

INTEGRATED CIRCUITS UNLIMITED NE566 1.75 
NE567 1.35 

7889 Clairemont Mesa Boulevard, San Diego, California 921 11 
(71 4) 278-4394 (Calif, Res.) SPECIAL 

All orders shipped prepaid No minimum 
DISCOUNTS 

Total Order Deduct 

Open accounts invited COD orders accepted $35 - $99 5% 
$100-$300 10% 

Discounts available a t  OEM Quantities California Residents add 6% Sales Tax $301 -$lo00 15% 
All LC's PrimetGuaranteed. All orders shipped same day received. $1000-Up 20% 

24 Hour Toll Free Phone 1-800-854-2211 Mastercharge I BankAmerimrd I AE 



Communications Center 
443 N. 48th, Lincoln, Nebraska 68504 

In Nebraska Call (402) 466-8402 
B 

Handymen! Hobbyists! /@I* 1 
Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing - a radio, TV, model train, jewelry, appliances, minor 
electrical repairs, plumbing, etc. - Save money - repair it yourself. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go "First Class" - use Kester Solder. 

For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified". 

KESTER SOLDER 
Litton 4 2 0 1  W R I G H T W O O D  A V E N U E I C H I C A G O ,  I L L I N O I S  6 0 6 3 9  

f \ 
ENERGY CRISIS 

SOLVED! 
Personal energy cr#s<s' Get prectous RF on DX target with 
World Record Breaking antenna that won WGTYP the QRP 
ARC 1.000 0 0 0  m~tes/watt award 

THE JOYSTICK V F A  
ivarlable frrq anti glvea low angle, omndtrect$onal harmon~c 
free radiation on all bands 160 thru 1 0  1 MARS and receive 

on all BC & SWI 
1000 s of g l ow~ng  reports 8n our f ~ l e r  of the VFA in use ohen 
mooor OTH andlor under QRP contertr, etc 

SYSTEM 'A' $75.00 
250W P E P &/or Recelvlng Qn!y 

SYSTEM 'J' $99.00 
500W P E P &/or I m ~ r o v e d  Q Factor Receve 

Atr Mall colt lnaluded (Each system 3 seclronh easdy 
assembled lo make unlt 7' 6 '  long Matching ATUl Nu, only 
wll l  you save space but you wll l  rave $58 a t  present law exch 
rate and by buying dlrec! UK manut Rush your order 
Mastercharge or check or ask for brochure 

PARTRIDGE (HR) 
ELECTRONICS LTD. 

GsLD Brosdstal~s. Kent. England 

\ 
Tel. Thanst 62635 G3V 

I 

PCP TYPEmfl 
WOW IOU CIW MIWI WlGW QUILITI CIRCUIT BOIRDS OlRtCTlV FROM 

WtW 1111 PROCfSS LIFTS INK OIRICTLY FROM Ill PRIYIIO HGf, * WlTWOUT CWtMlCIlS OR PWOTOCRIPWV! 

ONLY IOOlTlONIL MlTtRlllS RlQUlRtO IRE: StNSlllltO BOhROS, 

)SITIS~ICTIOW GUIRINIflO! 

PRIYTEO CIRCUIT PRODUCTS CO. 

P 0. BOX 4034 

HtltNI. MI 

59601 

SMIll PICKICE . . . 6 plerer ... 4" 11 6': ..... 1 5 . 4 9  Plealr add 151 

0 .  P C  . . . p i  . 6 "  x 9 ' .  6 9 5  Postale 

LIRCI: PlcnAGt . . . 3plecer . . 9 "  r 12': .... 17.95  

COMPLfTI INSTRUCTIONS IWCLUOiO 

h v 



Frequency 
Counter 

$79 95 kit UTILIZES NEW M o s L s l  ClRculTRY 

You've requested it ,  and now it's herel The CT-50 frequency 
counter k i t  has more features than counters selling for twice the 
price. Measuring frequency is now as easy as pushing a button. the 
CT-50 wi l l  automatically place the decimal point in all modes, giving 
you quick, reliable readings. Want t o  use the CT-50 mobile? No 
problem. it runs equally as well on  12 V dc as i t  does on 110 V ac. 
Want super accuracy? The CT-50 uses the popular TV color b u r n  
freq. of 3.579545 MHz for time base. Tap o f f  a color TV w i t h  our 
adapter and get ultra accuracy - ,001 ppml  The CT.50 offers 
brofessiona~ quality a t  the unheard o f  price of $79.95. Order yours 
today l 
CT-50. 60 MHz counter k i t  . . . . . . . . . . . . . . . . . . . . . . . . . .  $79.95 
CT-50 WT, 60 MHz counter. wired and tested . . . . . . . . . . .  159.95 
CT-600, 600 MHz p r e ~ a l e r  option for CT.50, add . . . . . . . . .  29.95 

SPECIFICATIONS 
Sensitivity: less than 25 mv. 
Frequency range: 5 Hz t o  60 MHz. tvpically 65 MHz 
Gatetime: 1 second. 1/10 second, w i t h  automatic decimal 
point  positioning on both direct and prescale 
Display: 8 digit red LED .4" height 
Accuracy: 10 ppm. ,001 ppm wi th  TV time basel 
Input: BNC, 1 megohm direct, 50 Ohm wi th  pretcale option 
Power: 110 V ac 5 Watts or 12 V dc @ 1 Amp 
Size: Approx. 6" x 4" x 2". high quality aluminum case 
Color burst adapter for .001 pprn accuracy available i n  6 
weeks 

. . . ............................. CB-1. k i t  $14.95 
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Ham Radio's guide to help you find your local Aka@- 
Alabama 

LONG'S ELECTRONICS 
2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 
Call us Toll Free to  place your order 

Arizona 
HAM SHACK 
4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from 
beginner to expert. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
We service what we sell. 

MASTERS COMMUNICATIONS 
7025 N. 57th DRIVE 
GLENDALE, AZ 85301 
602-939-8356 
Rohn tower distributor, Atlas, 
Icom, Tempo, HyGain & service. 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-8990 
Arizona's #1 Ham Store. 

QSA 599 AMATEUR RADIO CENTER 
11 SOUTH MORRIS STREET 
MESA, AZ 85202 
602-833-8051 
Eimac Distributor. New & Used 
Equipment, Parts - Surplus too! 
- - 

California 
C & A ELECTRONIC ENTERPRISES 
2529 EAST CARSON ST. 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
Not the B~ggest, but the Best - 
since 1962. 

CARSON ELECTRONICS 
12010 EAST CARSON ST. 
HAWAIIAN GARDENS, CA 90716 
213-421-3786 
Dealing exclusively in  ICOM 
communications equipment. 

COMMUNICATIONS CENTER 
705 AMADOR STREET 
VALLEJO, CA 94590 
707-642-7223 
Who else has a Spectrum 
Analyzer? 

HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in  Van Nuys 
and Anaheim. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION ~JEJo, CA 92675 
7 14-768-8900 
Authorized Yaesu Sales & Service. 
Mail orders welcome. 

Colorado 
C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 
DENVER, CO 80202 
303-573-1386 
Rocky Mountain area's complete 
ham radio distributor. 

MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle K@LT. 

I 
Connecticut 

ARCOMM ELECTRONICS 
2865 MAIN STREET 
BRIDGEPORT, CT 06606 
Come on in, Tues. thru Sat. 
10:OO . 6:OO 

AUDIOTRONICS INC. 
18  ISAAC STREET 
NORWALK, CT 06850 
203-838-4877 
The Northeast's fastest growing 
Ham Dept. dedicated t o  service. 

Florida 
AGL ELECTRONICS, INC. 
1800-6 DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

MARC'S 
CENTRAL EQUIPMENT CO., INC. 

18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL 33160 
305-932-1818 
See Marc, WD4AAS. for complete 
Amateur Sales & Service. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

Illinois 
KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA, IL  61614 
309-691-4840 
Let us quote your Amateur needs. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
312-848-6777 
Chicagoland's Amateur Radio 
leader. 

Indiana 
HOOSIER ELECTRONICS, INC. 
P. 0. BOX 2001 
TERRE HAUTE, IN 47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in  Meadows Shopping Center. 
- 

KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN 46815 
2 19-484-4946 
We service what we sell. 10-9 T, 
TH, F; 10-5 W, SAT. 

lo wa 
BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 and 7 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER P. 0. B. 4327 

1 OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade 

Kentucky 
COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 
Yaesu, Ten-Tec, Tempo, Dentron. 
Our service is the BEST. 
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HARRISON 
"HAM HEADQUARTERS, USA" 
ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
516-293-7990 
Since 1925 . . . Service, Satisfaction, 
Savings. Try Us! 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
3 15-337-2622 
New & used ham equipment. 
See Warren K2IXN or Joe WB2GJR 

Ohio 
UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG, (COLUMBUS) OH 

43068 
614-866-HAMS 
Drake, Yaesu, Ten-Tec, KDK, Wilson, 
Dentron, Tempo, Sigma. 

Oklahoma 
RADlO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

Oregon 
PORTLAND RADlO SUPPLY CO. 
1234 S.W. STARK STREET 
PORTLAND, OREGON 97205 
503-228-8647 
Second location, 1133 S. Riverside 
Avenue, Medford, OR 97501. 

Pennsylvania 
ARTCO ELECTRONICS 
302 WYOMING AVENUE 
KINGSTON, PA 18704 
7 17-288-8585 
The largest variety of semiconduc- 
tors in  Northeastern Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDERTON, PA 18964 
215-723-1200 
New & Used Amateur Radio 
sales and service. 

"HAM" BUERGER, INC. 
68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
2 15-659-5900 
Communications specialists. 
Sales and service. 

. Maryland 
COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301-792-0600 
New & Used Amateur Equipment. 
Wilson, Ten-Tec, R. L. Drake, Tempo 

PROFESSIONAL 
ELECTRONICS CO., INC. 

1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
Service-sales-design. 

Massachusetts 
TUFTS RADlO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

Michigan 
RADIO SUPPLY & ENGINEERING 
1207 WEST 14  MILE ROAD 
CLAWSON, MI  48017 
313-435-5660 
10001 Chalmers, Detroit, MI 
48213, 313-371-9050. 

Minneso ta 
DACOM 
3926 BEAU D'RUE DRIVE 
EAGAN, MN 55122 
6 1  2-454-7420 
Full Sales & Service 
HF thru UHF 

ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NORTH 
MINNEAPOLIS, MN 55412 
612-521-4662 
The Midwest's Fastest Growing 
Ham Dealer. 

Missouri 
HAM RADIO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
See Our Ads 
In  This Issue. 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcom you can try before you 
buy! 

Nebraska 
COMMUNICATIONS CENTER, INC. 
443 NORTH 4 8  ST. 
LINCOLN, NE 68504 
800-228-4097 
Yaesu, Drake, Tempo, Swan, 
HyGain - call Toll Free 

New Hampshire 
EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, Dentron & Yaesu dealer. 
We service what we sell. 

New Jersey 
ATKINSON & SMITH, INC. 
17  LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

RADIOS UNLIMITED 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's newest 
complete Amateur Radio center 

New Mexico 
ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 
Yaesu, Kenwood, Swan, Dentron, 
Tempo, Atlas, Wilson, Cushcraft 

New York 
ADIRONDACK RADIO SUPPLY, INC. 
185 W. MAlN STREET 
AMSTERDAM, NY 12010 
518-842-8350 
Yaesu dealer for the Northeast. 

CFP COMMUNICATIONS 
211 NORTH MAIN STREET 
HORSEHEADS, NY 14845 
607-739-0187 
J im Beckett, WA2KTJ, Manager 
Bryant Hozempa, WB2LVW, Sales 

GRAND CENTRAL RADIO 
124 EAST 4 4  STREET 
NEW YORK, NY 10017 
212-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in  stock 



HAMTRONICS. DIV. OF 
TREVOSE ELECT. 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
215.357.1400 
Same locat~on for 25 years. 

Tennessee 
GERMANTOWN AMATEUR SUPPLY 
3703 SUMMER AVE. --.- - - 

MEMPHIS, TN 38112 
800.238.6168 
No monkey business. Call 
Toll Free. 

J-TRON ELECTRONICS 
505 MEMORIAL BLVD. 
SPRINGFIELD, TN 37172 
615-384.3501 
Ten-Tec dealer - call or 
write for best trade. 

Texas 
AGL ELECTRONICS 
3068 FOREST LANE. SUITE 309 
DALLAS, TX 75234 
214.241.6414 (within Texas) 
Out-of-State. Call our toll-free 
number 800-527-7418. 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH. TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

Wisconsin 
AMATEUR 

ELECTRONIC SUPPLY. INC. 
4828 WEST FOND du LAC AVENUE 
MILWAUKEE, WI 53216 
414-442.4200 
Open lrlon & Fri 9-9. Tues. Wed. 
Thurs, 9-530, Sat, 9.3. 

Washington 
AMATEUR RADIO SUPPLY CO. 
6213 13TH AVENUE SOUTH 
SEATTLE. WA 98108 
206-767.3222 
First in Ham Radio in Washington 
Northwest Bird Distributor 

Wyoming 
DENCO COMMUNICATIONS CENTER 
1728 EAST 2nd STREET 
CASPER. WY 82601 
307-234-9197 
Sales. Service to  Wyoming 
and the Northern Rockies. 

SLEP SPECIALS 
RADIO RECEIVERS 
COLLINS R 388/URR RECEIVER m l l l u r y  rns#on 
01 thc 51J.3 tulre 500 kHz td 3 5 MHz 19" 
rack mount 115V/bOHZ $375 0 0  
COLLINS 51J-4 RECEIVER wlth 1400, 3100, 
6000 kHz mtchanlcal fillers' tunes 500 kHz thru 
30 5 MHz on Coll~ltr c a b ~ n e t ' l l 5 ~ / 6 0 ~ ~  5% 0 0  
R-390/URR RECEIVER, tunes 500 kHz thrv M 5 
MHz dlqltal tuo~sq, dual RF, audto hlters, 115V/ 
6OHZ 19" rack n~ount 550 00 
R 390A/URR RECEIVER, t u n s  500 kHz thru 30 5 
MHz, d tg~ta l  tun8nq mechanbcal fillers, 19" r lck  
mount 115V160HZ 695 0 0  
R J89/URR VLF RECEIVER turn 15kHz-1500kHz 
d ~ q ~ t a l  tuwng 19 rack mohnt 115V/6OHZ 5556 
H A M M A R L U ~  SP.bOOJX, recelwr, t u n s  540 
kHz to 54 MHz III 6 bands, 19" rack moulll 
115V/bOHZ 375 00 
HAMMARLUND PRO 310 r c c r l m  t u n s  500kHz lhru 
35 5MHz on 6 bands In cab~nct l i 5 ~ / 6 0 ~ ~  5375 
COLLINS 75A.4 R E C E ~ V E ~  tunes I 6 0  meters 
thru 10 meter amateur bands: I n  c a b l ~ t  wIth SSB 
mrchnh~ral f ~ l t r r ,  115V/bOHZ 450 00 
HALLICRAFTER SX.115 recetnr tunes 8 0  nleters 
thra 10 m t e r s  amateur bands, ;n cab~nel, 115V/ 
6OHZ 375 00 
URR-13 RECEIVER tuneable UHF 225.400MHz 
vrcd to  monltw nuittar). and satell8le Irequenc8cs. 
an cabtmt 115Vl6OHZ I 6 5  00 
I N T E R S T ~ T E  ELECTRONICS' MODEL 11900158 
frrqsmcy comparator and doar#mlnalW WWV rr- 
'elver 20 15 10 5 2 5 MHz rccetnr, butl l- ln 
scope, 19- r&k n iouk 115V/6OHZ 145 0 0  
TEST EQUIPMENT 
HP302A wabe analyzer 20 HZ to  M kHz 245 0 0  
HP 242A Nolsr ~ l g u r b  Meter DC to  40  GHz ~ 8 t h  
e~ter l ld l  noise sourrcr 185 00 
HP 3 M D  Otrtort~on Analyzer wl th  AM detector, 
20 HZ to 20 kHz 225 0 0  
HP.2OOCO Oa~ll . l lor 5 HZ to  600 kHz 145 0 0  
HP.ZO2C L o r  Frequency Audto Oscillator 1 HZ 
to 100 kHz 145 00 
HP.205P.G Audio Genrator, 20HZ.20kHz $165 00 
HP.4150 VSWR Ind~calor, lndlcates VSWR and 
DE 65 00 
HP.416A Ratio Meter, dlsplays rat lo of forward 
and r r w n c  s!gnalr automat~cally 85 0 0  
HP-500BR F r r p u e ~ y  Meter 3 HZ - 1WO kHz 
In 9 ranges 65  0 0  
HP.4OOHR VTVM AC range 10 HZ t o  4 MHz 
0 0001 to 300V i n  1 2  ranges 85  06 
HP-212A Pulse Gcnrator 06 . 5 kHz PRR 65 00 
HP-524C Freqwnty Counter nmle tube read-oat 
wf525A plug.~n range 10HZ thru 10OMHz 5325 00 
HP.4108 VTVM whh bull t- ln probes, DC 0.1000, 
0 2 OHMS to 500 MEG, 0 - 3 0  VAC, 20 HZ to 
700 MHz 125 00 
HP.1000 Frcqucncy Standard generalor gencratrs 
10 HZ, 100 kHz, 1 k ~ z , ' l O  kHz irrquer>c#es 
b ~ l l t  8 8 1  SCOPC 95 0 0  
TEKTRONIX 545A Oscilloscope DC l o  3 MHz 
with 53/64C dual trace plu9-in 650 00 
TEKTRONIX 525 Telev~ston Wanlorm Mon~lor, 5 
CUT, urcd to  ntonttor broadcast color-video wave- 
larnts 185 00 
TEKTRONIX 3150 Osclllmcope DC to  5 MHz 
3 '  CRT 165 0 0  
SG-103/URM.25F Signal Generator 1 0  kHz thru 
50 MHz ~n 8 b a d s  400 HZ, 10OQ HZ modula. 
toon caldbratrd oulpvi 0 1 MV 285 00 
75-497 URR S~gnal Generator 2-400 MHz 0. 
100,006 trlkrovo~ts callbratad output, 400. 1000 
HZ modulatoo~l 225 00 
TS.510A Stqnal Generator m~ l l t a r y  n n l o n  of 
HP6080, 10.420 MHz ~ d ,  CW, p u b ,  bul l t- ln 
ca l~br?tor  550 0 0  
GR 5R3A Audio Wattmcler, 0 1 MW to  5 W In 
4 ra81qcs impedance ranqe 2 5 t o  20,000 OHMS 
tn 40 steps, has LIB scdle 125 0 0  
GR l Z l 2 A  Null Detector 20HZ.5MHz log respollle 
wtth 120d8 wllh 12038 AC power supply 85 00 
TMC MODEL VOX-2 vartable frequency master 
osc~llator cont~nuourly varlable ranqe 2 thru 6 4  
MHz co;nter type d ~ a l  tus8nl) 85 00 
Z M - ~ ~ A  f u Impdance Brldgc, masure capacllance, 
lnductanc~, ~ C I I I U ~ C C ,  dt,xtpal8On and stomqp 
factor 95 0 0  
BOONTON 2028 FM Sognal Generator 54.216 MHz 
tar 2 bands, FM der~auon 0-240 kHz, cal~bratrd 
RF oulpul 225 00 
KAY ELECTRIC 154C solid state wide band Sweep 
osc~llator 50 kHz to  110 MHz wllh PM7650 
pu~se maher plug-jn 375 00 
G! 667A Inductance Brtdge 1 PH to  1 Henry. 
2 a accuracy f r rq  range 60 HZ - 1 0  kHz 95 00 
BALLANTINE 300 AC VTVM 1 MV to  100 volts, 
10 HZ . 150 kHz 45 00 
BROWNING M0.33 F M  Modulation Meter, 25 
MHz to 174 MHz 145 00 
COLLINS 4797 2 VOR/ILS S~gnal  Generator 1013. 
135 9MHz and 329 3.335MC output s~qnals In. 
cludc VOR LOC Gl~derlope 8: 1000 CPS owrates 
28vDC po;tablc'or k n c h  pamr source 5225 
b t l  eqy,pmertt tested ~n our shop, %at~sfactton 
quara~ltced or money refunded, rend check or 
Marterchare accepted, FOB Duo, N C Wrlte or 
phone B,II Slep (704) 524-7519 N. C res~dents 
add 4'0 sales tax ---- E-mo-c- A c- 

P. 0. Box 100 Highway 441 Dcpt HR.1 
Otto, N k h  Carollna 28763 

ON 1c.245 lC-245 
SUPPLY 146 M H z  FM 10W 

LASTS s395 T R A N S C E I V E R  

WHILE SUPPLY 
144 10 1 4 8  MHz LASTS 1675 

S S B l F M l C W  
10W T R A N S C E I V E R  

I M M E D I A T E  DELIVERY 
S H I P P I N G  P R E P A I D  IN USA 

MASTERS ';:% 
COMMUNICATIONS 

7025 N. 57th DR. 
GLENDALE, AZ 85301 

PHONE 
"'2.939-8356 

WORLO PREFIX M A P  - Full color. 40"  r 28". 
shows prelcxes o n  each country . . . DX zones. 
tome zones, cities. cross referenced tables 

RADIO AMATEURS GREAT CIRCLE CHART OF 
THE WORLO - f r o m  the  center  of the Uni ted 
Slates4 Full  color. 30" r 25". lnst!ng Great Clr. 

le beartngs i n  degrees l o r  s ix  malor  U.S. cities: 

rancarco & Los Angeles. 

A010 AMATEURS M A P  OF NORTH AMERICA! 
uII color. 30" x 25"  - ancluder Central Arne,. 
n and the  Caribbean to  t he  equator. showanR 

eurr. Packed w l th  world-wsde infDrmatton 
includes I 1  maps. ~n 4 co lors  w l t h  zone 

oundaroes and  country  prefixes on each map. 
1.0 lncludes a po lar  proicctoon map of the 
o r l d  p lus a m a p  01 the  Antarc t ica - a com. 

r l i s ted above 

order dir-t. 

$1.25 per o r d e r  
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All  band operation (160-10 meters) 
with any random length of  wire. 
200 watt output power capa- 
bil ity-wil l work wi th virtually any 
transceiver. Ideal for portable or  
home operation. Great for apart- 
ments and hotel rooms-simply 
run a wire inside, out  a window, or 
anyplace available. Toroid induct- 
or  for small size: 4-1/4 X 2-3/8" 
X 3." Built-in neon tune-up indi- 
cator. 50-239 connector. Attract- 
ive bronze finished enclosure. 

only $29.95 

I sst t-2 ULTRA TUNER I 
Tunes out SWR on any coax fed antenna as well as random 
wires. Works great on all bands (160-10 meters) with any 
transceiver running up to 200 watts power ou t~ut .  
Increases usable bandwidth of any antenna. Tunes out SWR 
on mobile whips from inside your car. 
Uses toroid inductor and specially made capacitors for 
small size: 5%'' x 2%" x 25." Rugged, yet compact. 
Attractive bronze finished enclosure. SO-239 coax con- 
nectors are used for transmitter input and coax fed 
antennas. Convenient binding posts are provided for ran- 
dom wire and ground connections. 

only $49.95 -- 

IMPEDANCE TRANSFORMER 
Matches 52 ohm coax to the lower impedance of a mobile 
whip or vertical. 12 position switch with taps spread 
between 3 and 52 ohms. Broadband from 1-30 MHz. Will 
work with virtually any transceiver-300 watt output power 
capability. 50-239 connectors. Toroid inductor for small 
size: 2-3/4" X 2 X 2-1/4." Attractive bronze finish. 
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Handy Logging Area 
Soinner Handle Available 

Send tor more info 

MEET THE AMATEUR 
POWER HOUSE GANG! 

Lou Anc~aux, WB6NMT; Chip Angle. N6M; and Several models ava~lable from $34.35 
Carla W~lmer, the people of Lunar Electronics, MODEL ~ x . 5 5 5 ~  # ) u ~ R  U N ~ R  
makers of Ilnearized amps, preamps, wunter.gener. p m t e c t a .  
atws, and mobile antennas. Two vital piecesol test equipment in one. Counter 

Lunar is a new company. but Lou and Chip a* has 5 dlg~t display with 7 digit readout capability. 
exper~enced hams, and skilled electronic engineen. 30+ MHz baslc counter (220+ MHz w~th  p ro  
with new ideas for providing better products for the sealer). Generator output displayed on counter use. 
ham. L~ke Lunar's 2M IO.BOP. A 2 meter amplifier/ ful as accurate signal generator. 
preamplifier. DX "I" ANTENNA 

The perfect combination of Power Amplifier and Perfected by WBDXJ, this is without doubt the 
Recewer preamplifier. The SCS 2M 10.80L Power finest antenna of its type. The rugged wnstruction. 
Amp and "Anglelinear" 144 &amp in a single, quality components, and gold sfdonired aluminum 
functionally designed package. Features include ten radiaton ensure peak efficiency under all operaling 
watts ~nput-e~ghty watts output, harmonic reduc- condit~ons. Standard model 529.95. Collapsible 
tion exceeding 60 dB, variable 1.R delay for CWI model $34.95. 
SSB, and Preampfiller selectable independenl of 
power amplil~er. Introductory prlce $189.95 For compltte dscription and specifications. 
LUNAR PBUMPS see your Lunar dealer (listed below) M write for 

Orlglnally developed by Chip Angle, the Ande. b r~hu re .  
linear recelvfng preamplifien meet the most de- See the new VHF/UHFTransverler System at SAAOC, 
manding needs where low noise is important. Booth %82. 

- h C I . I . ~ * h l n h O m * n b N h U W 2 I O 0 h b k W  ~~m.utrn~tulm.p.1.rom.l3llMrII1~.~r 
a .  xm w u r ~ ~ . ~ - ~ . h h m . ~ ~ r n ~  .~mndr. 81nmerd  mc mlBlO. 
m a  ad. ~n O W  U~ZIII .~udblub l 8 W  8 e f ~ . w l v .  Rwb. ~ - ~ ~ m n l g . z ~ ) z ~ n a m m . s i u n h ,  u91ocs. 
~ I J I ~ .  HC n.dm 1011 LM, sttm IIMII~, n 12m. bjbanr  lur s,.,.,,,.. a, hwRuPa CA. ro om 1 6 ~ 1 .  0- ~ M B  
110n14 710dll u~p~alnn. . ,  L!wnb. U9IYI6.  I: W l l r ( tmno PO h . tnnn.nl*m I. II lq. YO 71111 Cmllcllgq 
a~w vm NW u 911m . 101 r n n s  rue KG m*h*llll*h 8 )WI-I~ 17 brnm,dm btum. VI I VI u P. . baa ~ ~ m n d .  16 BI*I 
2Jd l  86 & m k u  MI tnm3. tmm l  Ilwmna Il- Wit61 Dab lmv mtmy MIWY . 1 U b . ) u t o Y ~ h n , 8 2 I M  Clnl~d. m m m  
Slrld Sthc,  I n  bulb Ilkr Idrl lu . I b b b l  UI I 4  CDY"III CbI 511. U 8 M 1 -  
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Mobile Communications 
Support T e t  Equipment 

AVAILABLE FROM YOUR 

AUTHORIZED DISTRIBUTOR 

WEBSTER COMMUNICATIONS 

115 BELLARMINE 
ROCHESTER, MI 48063 

CALL TOLL FREE 
800.521-2333 

MICHIGAN 313-375-0420 

K-ENTERPRISES 
F r t q ~ n c y  Counter Pmer Supplnes 
Pmstaltrs 
Marker & Peaking Frequency 

Gc~wralorr Standards 

74343 

- 
tr for Free C 
la .  Rd.l 
In?: 918-676 

Wrl 
410 (Pump S 

Phl 
Fairland. OK 

-3752 

DIPOLE. /ANTENNA CONNECTOR 
W I I . O U C  (no l l  omnlr <onn.r l i~  has 
C',.?. ,,##.,, \,,:2., ,vm,,.,,, . < , C . d  ,#M" ,?,,><6*d 9 -  ,sv<m"4 <",b sr... co.. 

I., :.1 i l ~ . ~  %," '...".". O t D r n l l  herD. ,,.. 1.1, ..,. ,,,, I Ill./,c,.,l", Illl,,rn.n 
I,,, ,.>,,,.,, A ,  ",,,,. ".a#-,* 0 ,  w9'3 
IX).,ll.." 4 "l"n.n,l,i, .P ,,,, nti,., 2,,*9 

BUDWlC MFG. CO. PO so. 07.. R . ~ o ~ . .  C L  *?OM 

G R O W I N G  HAM D E A L E R  

Featur~ng . Y"1t.511 ICOM.  A1 l . l ~ .  Ot .~~ l ron .  
Ten-Tvr . Swnrl. lI.,gency. Standard. Tempo. 
KLM. Hy (;.sjn. Maslev. Lar5<,n. Mcdland. 
Wolson. Soulhwe%l Te;hnlcal Products. 
We rcrvo<l. cvcrylh~rlg wr  *Ill Wr l le  or c.>ll for 
qrrole. YOU WON'T BE DISAPPOINTED. 

We are jiir! a few m&nolPs all l l w  
NVS Tllruwav (1.90) - Ex81 32. 



I B Y  P O P U L A R  DEMAND - w e  a r e  c o n t l n u ~ r l g  t o  o f fe r  6 GOOD REASONS :a'E"o",~'c"?Au","+-~,"oNIX 

ANALOG-DIGILAB 
KIT $139.50 

' DESIGNED B Y  HAL-TRONIX 
A N D  M I K E  G O L D E N  O F  
R.  E . T .  S. E L E C T R O N I C S  
SCHOOL O F  DETROIT. FOR 
RUGGED CLASSROOM USE. 

FOR THE RADIO AMATEUR, STUDENT, EXPERIMENTER OR DESIGNER 
SPECIFICATIONS: OUTPUT VOLTAGES: +5V +12V -12V. USABLE CUR- 
RENT: 750mA. % Regolation at 500mA: 0.2%; shod-cirruii limtted at 1.0 
amp; Thermal dverlond protected. Powcr requirements: 117VAC, bOHZ, 40 Watts. 
Function Generator: Frequency range: IHZ to 100 HZ In 5 bands. Amplitude 
adjustable from 0 to 10 VPP. DC offset adjustable from 0 to f 10V. 
Waveforms: Sine square triangular and TTL Clock. TTL Clock 0 to +5V 
level. 200 ns ri& and f;11 time. Frequency determined by Function Genera- 
tor. Oulput Impedance 1.2K ohm. 
Most 01 all it's easy to conrlruct and srrvlcc. PC boards a n  prdrllled, 
platrd thru 'and solder flowed. Over 1000 vnlts sold to schools. 

FROM HAL-TRONIX 
FIRST TlME OFFER 
ALARM CLOCK K I T  f w  home, camper, RV, or held-day use. 

Opcratrr on 12-volt AC or OC and has 11s own 60-Hz timc base on the 
b w r d  Complete wtth all elec;ron~c components and two.piece, pn-drllled 
PC boards. Board rue 4" I 3". Complete with rpcaker and switches. I f  
operated on DC, there is nothing more to buy. 
PRICED AT ................................ $16.95 
Twelv~-~oII  AC line cord"'iw tho= who wish to o w a t e  the clock from 
1lO.uolt AC. $2.50 

Fits clock case advcnivd below. 

6-DIGIT CLOCK I 4-DIGIT ALARM CLOCK 
12/24 HOUR 

COMPLETE KIT CONSISTING OF 2 
12  HOUR ONLY 

:CCE~OCKP;EHiDpRlF;;oP;5~0~~~~: ~ ~ ~ ~ \ E ~ ~ ~ ~ ~ I ~ ~ : ~ l ~ ' ~ ~ ~ ~ S f  
OUTS 13 TRANSISTORS 3 CAPS I CLOCK CHIp 4 FNo 503 READ- r, R ~ + ~ s T ~ ~ ~ ,  S D ~ ~ ~ ~ s :  3 PUsn: OUTS. ALL N ~ E S S A R Y  TRANSIS- 
BUTTON SWITCHES, MOLDED TORS* CAPS 
POWER TRANSFORMER CORD AND ~ ~ ~ ~ \ \ ~ ~  ~ O L P ~ : ~ . 8 ~ ~ $ o E ~  INSTRUCTIONS. 
DON'T BE FOOLED BY PARTIAL P L U S  

KITS WHERE YOU HAVE TO BUY ~ ~ ~ K l ~ ~ ~ R ~ , ! , " : f ~ s ,  EVERYTHING EXTRA. 
....... . . . . .  PRICED AT $12.95 PRICED AT $16.95 

CLOCK CASE Avai lable and WIII f i t  any  one  o f  the  above c locks 
. . .  Regular P r ~ c e  $6.50 But On ly  $4.50 w h e n  bought w i t h  c lock  

60-HZ TIME BASE 10-MHz C R Y S T A L S  
CRYSTAL TIME BASE KIT. WILL HI-QUALITY CRYSTALS, DESIGNED 
ENABLE MOST ALL DIGITAL FOR FREQUENCY CONTROL AND 
CLOCKS TO OPERATE FROM 12 ELECTRONIC TIME PIECES: AGING 
VDC. LOW PROFILE UNIT, EASY FACTOR SPPM MEETS OR EX. 
3-WIRE HOOKUP. ACC PPPM, CEEDS MIL.C.3098 SPECS. MADE 
ADJUSTABLE. ESPECIALLY FOR HAL.TRONIX 
COST ONLY $5.95 EACH OR 2 BY SENTRY. 
FOR SlO.00 - OR ONLY 14.50 PRICE $5.95 OR 2 FOR $10.00 
WlTH CLOCK PURCHASE. 

FROM HAL-TRONIX 

3 C o m ~ I e t ~  with Touch.Tone  ad. board. crvslal. chip and all wc- 
;15ary components lo  finash the klt 
PRICED AT $29.95 
For those who wlrh to mount the cnc~der In a hand-held unlt the PC 
batrd mearurcs only 9/16,, x 1%" This parttal k i t  wlth k board, 
crystal chip and components. 

.......................................................................................... PRIC~D AT $14.95 

D l s T R l a u T o R  FOR A P PRODUCTS, INCORPORATED 

SUPER STRIP 
85.2 ~ 9 2 3 2 5 2  1 
L~DIPF ~ 1 7  nn 

p h b W t t h  any purchase of $99 or more f r i rn ad or - FREE$yer. a Fa~rch~ld clock module FCS8100A Jv!j\hp"l 
(suggested retail price $20). 

. . . . .  
... + .. .* L A 

COMPLETE KITS: CONSISTING O F  EVERY ESSENTIAL PART 
NEEDED TO MAKE YOUR COUNTER COMPLETE. HAL-6OOA 
7-DIGIT COUNTER W l T H  FREQUENCY RANGE O F  ZERO TO 
600 MHz. FEATURES TWO INPUTS: O N E  FOR LOW FRE- 
QUENCY A N 0  O N E  FOR H I G H  FREQUENCY; AUTOMATIC 
ZERO SUPPRESSION. T l M E  BASE I S  1.0 SEC OR .1 SEC 
GATE W l T H  OPTIONAL 1 0  SEC GATE AVAILABLE. ACCURACY 
2 .001%.  UTILIZES 1O.MHz CRYSTAL 5 PPM. 
COMPLETE K I T  

HAL-300A 7.DIG 
ZERO T O  300 MHz. FEATURES TWO INPUTS: O N E  FOR LOW 
FREQUENCY A N D  O N E  FOR H l G H  FREQUENCY; AUTOMATIC 
ZERO SUPPRESSION. T l M E  BASE I S  1.0 SEC OR .I SEC 
GATE W l T H  OPTIONAL 1 0  SEC GATE AVAILABLE. ACCURACY 
+.001%. UTILIZES 1O.MHz CR 
COMPLETE K I T  $124.00 

H A L 5 0 A  8.DIGIT COUNTER WITH FREQUENCY RANGE O F  
ZERO TO 5 0  M H z  OR BETTER. AUTOMATIC DECIMAL POINT. 
ZERO SUPPRESSION UPON DEMAND. FEATURES TWO I N -  
PUTS: O N E  FOR LOW FREQUENCY INPUT, A N D  O N E  O N  
PANEL FOR USE W l T H  ANY INTERNALLY MOUNTED HAL. 
TRONIX PRE.SCALER FOR WHICH PROVISIONS HAVE AL. 
READY BEEN MADE. 1.0 SEC A N D  .1 SEC T l M E  GATES. 
ACCURACY -t.001%. UTILIZES 10.MHz CRYSTAL 5 PPM. 
COMPLETE K I T  . $124.00 

HAL-TRONIX BASIC COUNTER KlTS 
STILL AVAILABLE 
THE F O L L O W I N G  M A T E R I A L  DOES NOT COME WlTH 
THE B A S I C  KIT: THE CABINET. TRANSFORMER. 
SWITCHES. C O A X  FITTINGS. FILTER LENS. FUSE 
H O L D E R ,  T-03 SOCKET, POWER CORD AND MOUNT- 
ING H A R D W A R E .  
HAL-MX)X (Same Spec l f~ca t lons  a s  HAL-6OOA) $124.00 
HAL-100X [Same Soecof~ca t~ons  as HAL.3OOA) 599.00 
HAL-SOX (Same ~ p e c ~ f s c a t ~ o n s  a s  HAL-5OA) 199.00 

PRE-SCALER KlTS 
H A L - 0 - 3 0 0 P R E  (Pre.drilled G I 0  board and all com- 
ponents) f 19.95 

I H A L - 0 - 3 O O P I A  (Same as above but with preamp) 
f 29.95 

HAL.0-600PRE (Pre-drilled G10 board and all com- 
ponents) $39.95 
HAL-1GHZ (New Item - Available In December) 

f 124.95 

PRE-BUILT COUNTERS AVAILABLE 
(HAL-600A - $229.00) (HAL-300A - $199.00) HAL- 
50A - $199.00). ALLOW 4- TO 6-WEEK D E L I V E R Y  
ON PRE-BUILT UNITS. 

HAL-TRONIX 
P. 0. BOX 1101 

"HAL" HAROLD C NOWLAND 
SOUTHGATE, MICH. 48195 

W ~ Z X H  PHONE (313) 285-1782 

I ORDERS OVER $15.00 WlLL BE SHIPPED POSTPAID 
SHIPPING EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES 

ARE REQUESTED. ON ORDERS LESS THAN $15.00 
INFORMATION: PLEASE INCLUDE ADDITIONAL 51.00 FOR HANDLING 

AND MAILING CHARGES. 

I SEND SASE FOR FREE FLYER 

More Details? CHECK - OFF Page 126 february 1978 



ALCMODE VHF' 
amplifiers 

J 
FOR BASE STATION & REPEATER USE 

Untversal19 Rack Mount 

All  units: Harmonics exceed - 60 dB specification.ol FCC 
RBO 20777 

a 143-149 MHz No Tuning -5 115 or 230V AC 

fz A M - F M - C W - S S B  a 60dB Spurious 

a Low Harmonics n Fully Protected Output 

$1 Heavy Duty a Internal T/R Switch 

* No Power Supply Needed. a U.S. Manufactured 

?7 Illuminated Panel Meter * 19" Rack Panel Option 

..: + 13.5V13 A m p  Socket a S i z e 8 - 1 1 2 x l 3 x 7 " H  

Only two thlngs are needed l o  put this power house on the air wlth your 
handy.lalky or mobile transceiver: a two foot piece o f  coaxial cable and a 
115 or 230 voll AC outlet. That's ail. You do no1 need anything else. The 
mobile transceiver can be powered directly from the accessory socket 
located in the rear panel of the RFPL amplifier. I f  puts out + 13.5 volts at 3 
amperes. This is  sulficient for powering most 15 watt transceivers. 

IU' 
L l \ l  

DEALER INQUIRIES INVITE0 1- _I 

- RF POWER LABS, INC. - 
W R  I ,033 llelh P l x s  N E Klrklana.Warnbnplon 98033 . Tslaphnns 1206l822 1251 . TELEX No U- I042  

LAiiS 
I 

WANTED: 
Milnary Telephone h Telegraph Termlnal Units. 
Models CF-1 or CF-2. 

Radio Models GRCl71 or GRC106 
Conlact CTG at 516-536-5724 

MILITARY 
SURPLUS WANTED 
Sr,sir hu,< it,r ! i .  .dnb ; . I . , .  I l lore Hlsh- 
e51 ~>rt ip ' ,  ~ Y P I  on U 5 Mll~lary sur- 
p lus,  espectally on Col l lns equbpmenl 
or par15 We pay lretgnl Call collect 
now lor our hlgh oller 201 440-8787. 

SPACE ELECTRONICS CO. 
dnv ol M~l!lary Eleclronlcs COW 

35 Rula Courl. S Hackensack. N.J. 07606 

1 EQUIPMENT DIRECTORY - -- -- 7 

The most complete directory of Amateur 
Radio Equipment ever published. The all 
new 1978 Edltlon includes specifications. 
pictures, and prices of ,transceivers, t ranr  
mltters. recelvers. ampllflers, power supplles. 
transverters antennas tuners. towers. 
meters microphones, iceyers. VFO'S, pre- 
amps, iest gear, etc. etc. No ham ltbrary wnll 
be complete, without a copy of the 1978 
Amateur Radro Equtpment D8rectory. 

i 
$4.00 Postuaid (U.S.) 

i 
i a d  s o ,  F e n  A i r  $7.00 i 
i KENGORE CORP. Dept.HR i 

9 James Avenue 

COPY SATELLITE PHOTOS. 
WEATHER MAPS. PRESS' 

The Far  Are Cirar - on our I1j11 st,? 118-1:2" wkdsl 
recorders. These cornmerc8ol-mol8lary un8Is now avatl- 

ID & V  RADIO P A R T S ~  

1 No nlninum order-low cost nNpplm3. 1 

4CX150 4CX1000 4-65 4.250 
4CX250 4CX1500 4-125A 4-400 
4CX300A 4 C X 3 0 0 0  4-1000 
4CX350A 4 C X 5 0 0 0  3 0 4 T L  

4CX10,OOO 
5 C X 1 5 0 0  

Other tubes and Klystrons also wmnted. 
Sn last month lor other items available. 

The Ted Dames Company 
308 H~ckory St. Arlln(lton. N.J. 07032 
12011 998-4246 Evcnonns I2011 998.E-475 
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. *mwc S O O I I  .,am 

. ~ l . l m u 0 I . m  . I ( I I n - L t n ~ A v  

I l O H U l n m m -  

. n Y a S I O U I U P  

4 SIIIUOULTEl. 
.L OIL P A C 5 i l t R E  

.I 0 1 T I t i l Y  YONITOI 

. TlYE SET  PUSHBUnONI 

ELAKEOT1MIR HRS.MlNSL SECS 
SIMPLE PUSHBUTION RESET 6 
HOLO TOCCLI SWITCH 
"fr#"<'c~<~,~,,,"., , . ,*<, 
W C , ! M , W C , ,  7, , , > " , , S ! .  ,GO$* 

VHOURSI  MINUTES - 3"SECONOS . CDWLETE WITH WOOD CASE 

. Ye"LE0 MOOULE' . COMPIETE WITHCASE. 
aR#cKEi k TIME SET 
PUSHIIUTTONS . AL~IMOPTlON 

$14.95 CASE WITH BRACIET $3.75 

MARK FOSKETS' 
SOLID STATE TIME 

P.O. BOX 2159 
DUBLIN, CALIF. 94566 
ORDERS 11151 828-1923 

\ CPLl fORNlA RESIDENTS - A D O  6 " n S A L E S  T A X  J 

I 
-- 

-~.-- .- ...- - .. , b - - - - :-.- -: --- 
/- __.- .. a 

.- -- __-- __-- L-- . *?k a . ' 

nothing There's I 
like it 

RADIO A M A T f U R  callboak 
Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 

The U. S. Callbook has over 
300,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to  expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
w i t h  a lmos t  300,000 ca l ls ,  
names and addresses of ama. 
teurs outside of the USA. 

U3. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorite electron- 
Ics dealer or dlrect from the pub- 
Ilsher. Al l  direct orders add $1.50 for 
shipping. Illinois residents add 5% 
Sales Tax. 

Dew.  E 925 Shewoad Drive 
Lake Bluff. 111. 601344 

TEED FOR 2 .000 W A T T S  I P E P  POWER NOVICE d 
A L L  C L A S S  L M A T E U R S I  I 

I com.,.t. .. shown tot., ~ . n m  102(t .  rat -  0011 ot 5 2  on- 
I G 5 R U  roam and P L 2 5 9  romn.clor - Insulator Dacron cord 
.rpoo.t Wt. 3 la. MOLDED RESONANT T R A P S  lo* 
,..I s r n c h  to des~,.d bane tor EXCELLENT rn~o. l .1  I 
I N O  CXTRA TUNERS OR B A L U N S  NEEDED1 C A N  OC 

USED I N  ATTICS. TOPS OF BUILDINGS OR A S  INVER. 
T i 0  V's I N  M I N I M U M  SPACE? EASY INSTALLATION! 
COMPLETELV ASSEMBLED. JUST HANG I T - U S E  IT  I I 
SEND ONLY S5.00  .nd 0." b.l.ns. COD elus Post.#. on 
arrlvml ar .and lutl orb.lor po.dal, In USA,(C.n.d. 1. S5.00 
o x l r a )  B.nlAm.rK..d . V I S A  - MASTER CHARGE - O R  
AM.EXP.-sr m.a ot P H  1-301)-236-5333.W. ahto In 2 - 3  
d.ys.Fve. mto. lrern.- WESTERN ELECTRONICS 
0a.t. AH-  2 Kc.mm)r. Nabr..r.. 88847 

the easy way - just call 
T O L L  F R E E  
8 0 0 - 2 5 8 - 5 3 5 3  
to order books from Ham R a d i o ' s  

Communications Bookstore and 
subscr~ptions to Amateur Radio's 
best publications. Ham Radio HORI- 
ZONS. HAM RADIO Magazine and HR 
Report. 

SAVE MONEY TOO! 
5% discount plus Free Shlpplng 
on orders of $35 or more. 
Please use this number to PLACE ORDERS 
ONLY To Inquire about book orders and 
subscr ip t~ons please w r t t e .  or ca l l  
16031 878-1441. 

We're Amateur Radio's Book People! 

NEW ELECTRONIC PARTS 
IC'S -TR11S1ST01S-?ROTOIOAROS - 1ESlSTORS 
CA?ACITORS - DIODES -SWITCHES - COYIIECTORS 
VOLTAGE REGULATORS - CABINETS - Y E 1 1  S I M 1 S  
FUSES II mucn MORE--STAMP BRIMGS CATALOG 

SPEC1 A LS 
KEYBOARD ENCLOSURES 

W 0 H ?RICE 
14 8.3 3 S13.50. 
14 1L3 3 114.10. 

BLUE BASE SPECIFY 
WYITE OR I 1 C R  TOP 

: - '  'SHIPCIMP IYCLUDED 

More Details? CHECK-OFF Page 126 



An exciting new era in amateur radio 
is about to begin.. . the era of AMSAT PHASE 
111 OSCAR satellites. 

Many of you are familiar with the bene- 
fits of the AMSAT OSCAR satellites, notably 
OSCAR 6 and 2 These satellites, with a com- 
bined total of over 8 years in orbit, have 
provided communications between amateurs 
throughout the world. They have also pro- 
vided a capability for an educational program 
in space sciences and many interesting 
experiments. 

AMSAT with members and contrib- 
uting groups worldwide, and headquarters in 
Washington, D. C., has been responsible for 
our current satellite program. Many people 
feel that perhaps the greatest value of the 
amateur satellite program is the dramatic 
demonstration of amateur resourcefulness 
and technical capability to radio spectrum 
policy makers around the world. 

The value of this aspect of amateur radio 
as we prepare for the 7979 WorldAdminis- 
trative Radio Conference (WARC) is enormous. 

The AMSAT PHASE 111 satellite pro- 
gram promises a continuing demonstration 
that amateur radio is at the forefront of 
modern technology. PHASE 111 satellites will 
routinely provide reliable communications 
over paths of up to 17,000 miles (1Z600 km) 
for 17 hours each day. You can think of them 
as a resource equivalent to a new band. 

The cost of these PHASE Il l  satellites 
is a projected $250,000. Commercial satel- 
lites of similar performance would cost nearly 
$70,000,000. 

Your help is needed to put these 
PHASE 111 OSCAR satellites in orbit. 

Your valued, tax-deductible contribu- - 
tion can be as small as one of the 5000+ 
solar cells needed. A handsome certificate 
will acknowledge the numbered cells you 
sponsor for $10 each. Larger components of 
the satellites may also be sponsored with con- 
tribution acknowledgements ranging to a 
plaque carrying your name aboard the satel- 
lites. Call or write us for the opportunities 
available. 

Your membership in AMSAT is impor- 
tant to the satellite program, and will give 
A MSATa stronger voice in regulatory matters 
concerned with satellites. At $10 per year or 
$700 for life, you will be making a most signifi- 
cant contribution to the satellite program and 
the future of amateur radio. You will also 
receive the quarterly AMSAT newsletter. 

Clip the AMSAT PHASE 111 coupon 
below and send your support today, or call 
202-488-8649 and charge your contribution 
to your BankAmericard (VISA) or Master 
Charge card. , - - - - - - - - - - - - - -  

AMSAT PHASE 111 H R 
1 

Radio Amateur Satellite Corporation 1 
I 

Box 27; Washington. D.C. 20044 
202488-8649 I 

I YES. I want to support AMSAT PHASE 111 OSCAR I 
satell~tes. Enclosed is: 

I ~ i n s p o n s o r s h t p o i - s o l a r c e / h ( @  110each) 1 
Sf0  Annual membership [7 $100 Life membership I Send informatron on sponsoring larger satellrte com- I 
oonents. 

I I 
I Name Call AMSAT Member? I 
( Sfreet I 
I C'fv State ZIP 

The ubhsher has donated this space lo AMSAT In support of 
I 

 and the PHASE Ill program L - - - - - - - - - - , - - J  



AdverTisers I/' 
check-off 

... for literature. in a hurry -- we'll 
rush your name to the companies 
whose names you "check-off" 

Piace your check mark in the space etween 
name and number . Ex:  Ham Radio J 2 3 4  

INDEX 

Elect . Dalr . - 044 
Elect . Equtp . Bank - 288 
Eng Spccultfer - 658 
Ewe1 Crrcunts - 535 
Flllh.3 049 
Fox Tango - - 657 
GL8 - 552 
Gom Ouad 295 
Gsllrr 207 
Ggxlbaul - 647 
Gray - 055 
Greqory ' 
Gull Elecl -- 635 
Hal ff i7 
Hal Tronlx 254 

Henry - 062 
lcom - 065 
Inleg . Circuits - 518 
In! . Crystal - 086 
James Elect . 333 
Jan 067 
Jones - 626 
K Enlerpraes - 071 
Kengore - 5 3  
Kenwood ' 
Kester Solder ' 
Klaus - 430 
Lalayette - . 598 
Lsrrsn - 078 
Long's - 468 
Lunar - 577 
Lyle 373 
MFJ - 082 
Madiion ' 
Magnus - 578 
Masters - 555 
NuDala - 455 
Oak Hjll Am . Radla 

S e s  . - 213 
Opt~rolectronics - 352 
Palomar - 093 
Parlrldg . - 439 
Pspo - 481 
P,. "led CIICUI~ . 
RF Power Labs - M 2  
Callbook - 1M) 
Radio World ' 
Ramrev _- 442 
Reg~ncv - 102 
SST - 375 
Securllron 461 
sontry 600 
Slrewoal  - 435 
Slep - 232 
Soled Slate Ttma - 6% 
Space 107 
Spcclronicr - 191 
Sr~cclrum In1 - 108 
Swan - 111 
TPL - 240 
Ten-Tec - 114 
Tr8rt.m - 118 
Tufts - 321 
VHF Eng . - 121 
Vanguard ' 
Varlan - 043 
Websler Comm . - 423 
We8nschenker - 122 
Wertefn Elect . ' 
Wh~tehuusc 378 
Wilson Elect . - 123 
Yaesu -_ 127 

Healh OfiO 

'Please contact thlr advertiser direclly 

Limit 15 inquiries per request . 

February 1978 
Please use before March 31. 1978 

Tear OH and mall l o  

H A M  RADIO MAGAZINE . "check OM" 
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BEGIN WITH THE BEST 
As you develop your skllls. in- 

crease your participation in Ham 
Radio activities. and add hard- 
ware for ever-increasing flexibil- 
ity of operations. you'll come to 
know ICOM . Just ask any old 
Ham . ICOM is the quality name in 
VHFIUHF Amateur Radio equip- 
ment because it is simply the 
best . ICOM is the line you'll want 
to move up to for unequaled 
quality and features . 

m-1 
AGL also takes great pride in  
stocking these other great lines 
of Amateur radio equipment . 

K L M s l e c t r o n i C ~  

l==Gsoq @'"'~~.. *" om.,.... .ad8<. 

bcsJg@J 
$2k3.& %-< 

We'll see you in Orlando. 
February 18th and 19th . m] F] - 

CALL US TODAY 
TOLL FREE A T  
1.800-527-7418 

CALL 214.241.6414 ( ~ n  Texas) 
LARRY WASWWH ART K9TRG GORDON NSAU 
MIKE WASUOB MIKE WBSACM 
TOM KSTM 8 0 8  WSXC 

We senice and repalr all melor Ilnes 01 
Amateur Radlo equipment. 

(AGL ~lectronics) 
3068 FOREST LANE. SUITE 309 

DALLAS. TEXAS 75234 
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More Sensitive, More Selective, Easier to Build, Smaller Than Ever Before ! 
CHECK THESE FEATURES- 
+ Lower ryrtem cort than ever before 
*Better selectivity, 70-80 dB adjacent channel, over 100 dB with crysbl filter option 
#Six channels at no extm cort 
#60 dB image rejection 
# Intest aerign - new easy-tmvind high Q wi l r ,  cornparimentized shielding 
#Eon/ to build, test circuits on bwrd allow tune up with only sig gen d vtvm 

urc througlmut t l l r  world. 
- - 

P8 KIT 110.95 
PI6 Wired 121.95 
Miniature model for 
tight rpocer -only 
1/2 x 2-3/8 Inches 

e20dB (pin Coven any 4 MHz bond in range 
MODEL - RANGE 

P8-LO 20-83 MHz 
P8-H I 83-190 MHz 
P8-220 220-230 MHz 
PI6 Wired Give exact bond 

P9 K I T  112.95 

Deluxe model for opp- 

permits. 

l I-1/'2 x 3 inch- l Coven ony 4 MHz 
bond i n  mnge l Ideal for OSCAR 0 Diode 
protection Connectors l 20 dB p i n  

MODEL - RANGE 

P9-LO 26-88 MHz 
P9-HI 88-172 MHz 
P9-220 172-230 MHz 
PI4 Wired Give swcific bond 

l ~ h e s e  new CONVERTER KITS 
let you receive OSCAR signals and other exciting 
VHF & UHF activity on your present HF receiver. 

P I 5  K I T  $18.95 1 
P35 Wired m i 9 5  

l Coven ony 6 MHz bond i n  

v bond in mnge of 380-520 
MHI I 

either one 

ONLY $34.95 
including crystol 

MODEL RF RANGE (MHz1 IF RANGE 

C50 50-52 28-30 
Cl44 144-146 28-30 
C145 145-147 28-30 
C146 146-148 28-30 
C220 p/o 220-230 28-30 

MODEL RF RANGE (MHz) IF RANGE 

C432-2 0 2 - 4 3  28-30 
C432-5 435-437 28-30 
C432-9 439.25 (ATV) 61.25 
Speciol Other rf d i - f  mnger ore 

avoiloble on spacial q u e s t  

Speciol Other rf d i-f ranges ore An extruded aluminun a r e  i s  omlloble 
ovoiloble on spacial request for vhf ond uhf converten at 112.95, 

including connectom and hordwre. 

-- 
on/yS9.95ea detoils on there and other kits, including scanner ( odopten, receiver multicwplsn, NPC power supp- 

Contain rcope type probe, ground clip, mble, 8 lies, M*ech PA's, as tone Pods a mics, H~-Galn 

a l l  components except plug for test equipment. HT's hi rigs# a Ontenmas. GET YOURS TODAy! 

TE-3 RFDetectorProbeforvtvm;gwdfmm F R E E S H I P P I N G O N L A R G E S T O C K O F  I 1M) kHz to over 500 MHz I A N T E N N A S  1 I ! We now offer free delivery 
TE-4 Direct Probe for ac/ohmr, etc. of Curhcmft, Innen, d Hy-Goin antenma5 in tha 
TE-5 DC Probe w/res for l l meg input vtvm 48 r b t u .  Popular models such os Ringo Rongen, 

TE-6 Blocking Capacitor Probe for countsr, VHF 8 t r ibnd beams, mgnet mount whips, hf 

signal genemtor, etc. vertimls, wbber duckier, lightning arrestors, 

TE-7 Widebond Detector Probe for scopes Reyco tmpr, W2AU b Hy-Gain balms. Coil or 

TE-8 High Z/Low r.-,,pocitonce probe write NOW1 We'll be dad to send free cotologs. 

I N  CANADA: 
Send order to COMTEC; 5605 Westluke Ave.; 
Montreal, Ove H4W 2N3 or mll514-482-2640. 
Add 28% to prices shown obovc lo  covercurtans 

1 8 2 . ~  Belmont  Rd: Rochester, N Y  14612 duty, exchange ,,,te, fsdeml b x .  
Dwler lnauirips Invited 

200 MW EXCITER MODULE KITS 

740 Eleven Channel Exciter Kit for 2M or 6M 
bond.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $39.95 

T20 Trlpler/Drhrar Module Kit 1W) mW 
2M input. 200 mW 450 MHz out& $19.95 

RF POWER AMPLIFIER MODULES 

* N O  T U N I N G  OVSWR PROTECTED 
*COMPLETELY STABLE 0150MW DRIVE 

T80-150, 140-175 MHz, 20-25W output, wired 
and tested, simply wnnsct y w r  mbles.. 179.95 

T80-450, 430-470 MHz, 13-15W.. . . . . . 179.95 

It's Easy To Order! 
*CALL OR WRITE MIOW FOR FREE 

I C A T A L O G  OR TO PLACE ORDER1 

+PHONE 7 1  6-663-9254.  (Answering 
rervice for evenings and weekends for y w r  
sonvanlence. Personol sawice 9-5 eastern.) 

*Use c r a  

+ A d d  $2 

, d l t  cord,  COD, c 

.OO s h i p p i n g  d ho 
-- 

More Details? CHECK-OFF Page 126 february 1978 127 



KENWOOD TS-820s transceiver 
The new Kenwood TS-820s features a factory digital frequenc 
readout. 160 thru 10 meter coverage Integral IF shift R r  
speech processor VOX Noise blanker PLL* Built-in 25 KHz 
calibrator CW side-tone B semi-break-in IF OUT. RTTY. 8 
XVTR Phone patch IN and OUT terminals Built-in AC power 
supply. 

1048.00 is list price. Call Toll Free for quote. 

KENWOOD TS-520s SSB transceiver 
The new TS-520s features: 160 thru 10 meter coverage O p  
tional DG-5 frequency display (on top of unit) New speech 
processor with audio compression amplifier Built-in AC power 
supply (DC-DC converter, optional) RF attenuator. front panel 
activated. Provision for separate receive antenna Provision on 
back for phone-patch. 

649.00 is list price. Call Toll Free for quote. 

2m FM transceiver 
KENWOOD VFO-520 SP-820 speaker 

state final stage LED readout PLL 

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru Friday 

0 
B A N K A ~ ~ E R I C A R O  - LOWS Electronics BllIi 
MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS: 2808 7TH AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 

128 february 1978 More Details? CHECK-OFF Page 126 



Compare These Features And You'll Know What We 
Mean When We Say "Years Ahead With Yaesu" 
one knob channel selection using optical sensing to select 800 channels rn memory 

circuit that allows instant return to any frequency selected between 144-1 48 MHz rn large 4 
digit LED frequency readout rn fully synthesized frequency control, using PLL techniques 
in 5 KHz steps rn built-in tone burst, plus optional tone squelch encoderldecoder 
rn spurious well below minus 60dB requirement-superior cross modulation, overload 
and image rejection rn standard 600 KHz offsets plus any split within the band using the 
memory circuit W automatic final protection, PLL "unlock" protection and busy channel 
indicator rn selectable 10 watt/l watt output 

See this sensational new two meter transceiver at your YAESU DEALER now! 

Yaesu Electronics Corp., 15954 Downey A 
Paramount, CA 90723 (213) 633-4007 
Eastern Service Ctr., 613 Redna Terr 
Cincinnati, OH 45215 

ace 

ve., VAESU The radlom 1177 
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